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FOREWORD

This report was prepared by Itek Corporation, 10 Maguire Road, Lexington 73, Mass-
achusetts; uader Contract Number AF30(602)-5494 and Project Number 4599. The
RADC project engineer is Zbigniew L, Dankowicz,; EMIIH,

This is a final report and covers the period of work from 1 Juiy 1964 to 30 June 1965,

This report is intended to document research efforts in linguistic studies for Chinese

to English machine translation. The objectives to be reached under ihe contract are
as follows;

1.  Hforphological and syntacticai analysis of modern Chinese for machine
translatich applications,

2. Compilation of 15,009 Chinese input entries and 15,000 English output
entries on magnetic tane.
3. Compilation of linguistic rules in symbolic potaﬁeg:
This work covers a 1-year period of main emphasis on linguistic research in the area
of morphological and syntactical problems in modern Chinese. As part of a company
sponsored, independent research effort, programming tesiing efforts were incorpo-
rated in the second half of the year to test the validity of the linguistic rules and the
practicability of the operations for machine application. The corapany sponsored ef-
fort is detailed in Section 2.5 and in Appendix B of this report, to fulfill the require-
ments of part VI, paragraph e-3, of the coniract schedule,

The contract research efforts have resulted in the following:

1. A linguistic machine translation system from the Chiceder input of the

source languags to the linguistic rule operations to the oufput of the target
language,

2. A magnetic tape and a list of 15,000 Chinese ingut entries and 30,000 Eng-

lish output entries plus input and output entries of specialized vocabulary
of general function words.

3. A list of linguistic rales, in symbolic notation, that is divided into sections
according to operations specified in this report (the linguistic rules in
aymbolic notation are cyntained in a separate report, "Linguistic Rules in
Symbolic Notation," October 18, 1965, Itek Corporation ).




FOREWORD ( Coxt)

4.  Details of programming testing of the linguistic rules and of testing of
operations for these rules. e
ki3
The vesearch efforts were made by Itek linguistic research personnel tnder the dirsc~
tion of Mrs. Therssa C. Leé of the Chinese Programs Group. Additional authors of

- this report are; H,T. Wang, S.C. Yang, sud E, L. Farmer.

Special assistance was rendered by M, C.B. Burgess of the Compuier Sciences De-
partment, The late Df. Jennings Wong centribﬁte(f.;sigmﬁcanﬁy to the research ef-
forts of this project in the source and target language analysis.

Special acknowledgement is noted here for the assistance rendered by Mr. Zbigniew
L. Pankowicz and Mr. Wing Y. Hoo, the technical monitors of this project at RADC
during this year of study.

Release of subject repert to the general public is prohibited by the Strategic
Trade Control Progrsm, Mutusl Defense Assistance ConZrol List (revised 6

January 1985), published by the Department of State.
/

This technical report has been reviewed and is approved. //

-

Approved:

NX OMATINI
Chief, Info Prcs Branch
Intel and Info Processing Div,

Approved: Mg
1 S5t e, ., Colonel, USAF

Chief, Intel and Info Proce551ng By

FOR THE COMMANDER: k, -
D pmiin
IRVING JGABELMAN

Chisf, Advanced Studiss Group
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N ‘The ﬁngrasﬁe study to increase*the capabilities of a developmental Chinese to English
: ‘ machine 4ranslation. tas led:to the design of & basic iinguistic processing system uti-
5 ) ~lizing¢ha Contextiial Asscciative Method (CAM). This technique allows machine
. translation thiough the use. of programmed contextual operaticns,
ﬂ S The results of the research offort are presented in this report ard include: (1) ex-
E: piration of the linguistic processing system, (2) morphological and syntactical anal-
K yaefs, and (3) Euglish inflection analysis for Chinese to English machine translaticn,
- B Tllustrations showing step by step linguistic processing are included in this report.
‘ Recommendations are presented for refinement and further development of fhe basic
g linguistic analyais to further the goal of performing Chinese to English machine trans--

e

cro g
AR YR

"

latfon, Three appendices ave included: an explanation of symbois éor linguistic rules
(Appendix A), listings of computer experimentation (Appendiz B}, "and listings of
vei» components in English output {Appendiz C).
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EVALUATION

2.7
T

The ritichine translation R&D effort described in subject TR encompasses the follow-
ing activities: (1) linguistic analysis of source language; (2) compilation of 15,000
bllingual entfies covering the field of political science; and (3) formulation of lin-
guistic rules for processing of seurce language data. The machine translatlon system
thus constructed uses the Chicoder as an input device and the photostore type equip-
ment as a central processor. Preliminary results of this R&D effort have been pro-
granimed and parily tested on the PDP-1 System,

The linguistic research descnbed in subject PR is oriented toward obtaining early
practical results for apphcatmn to machine translation. The authors recommend
further linguistic studies in morphology and syntax as a means of improving the Eng-

lish outpu:.
IGNIEW L. PANKOWICZ

Textual Data Handling Section
Information Processing Branch
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P .’ 1. INTRODUCTION

The research efforts for the past year have been devoted to the linguistic studies of Chinese
to English machine“transiation. In this course of study, a system has been developed for linguistic
processing from the input of Chinese text to the output of English. For this process of develop-

" ment, the foliowing major goals have been set:

1. To orient the linguistic research toward the practicability of machine application

2. To develop a practicable system for transferring the source language, Chinese, to the tar--

- get language, English, by analyzing the source language with the use of modern Chinese
political texts, which cover many morphological and syntactical functions of the source

language
3. To formulate a grammatical tag system for Chinese morphology and to formulate a lin-
guistic rule operation system for Chinese syntax

4. To formulate an English output system to be compatible with input

5. To provide, on magnetic tape, 15,000 lexicographic entries in the field of political science
with appropriate grammatic tags and to add general vocabulary input and output entries,
which are utilized in the linguistic processing system '

. 8. To determine a programming system for the processing from input to cutput in testing the
linguistic riiles.

_ Our lir.gi;istic analysis approach is an attempt to bring the source language and the target

- language closer to each other. The input of the source lahguage and the quality of translation

derived from the linguistic analyses are therefore considered from every aspect of the problems
involved and their resolutions.
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Political science texts such as “Ren Min Ri Bao”®** and “Hong Qi”** were studied continu-
ouslﬁ &uriag the year for a constaat samgling of texts to modify or enhance the linguistic study,
since modification of language structures is constant and the best source of research is the actual
writing in texts. Machine oriented linguistic analysis texts and general linguistic texts, as listed

in Section &, were studied for ideas that are applicable to the present research.

The first task v.ras to determine the major morrhological clzsses through analysis of Chinese
words. Each mgjor morbholegical class was given a se2'es of subtags that define the srammatic
subtlety of the morphological class. The morphological grammatic tags were modified or redeiined

as research progressed to the syntactic lev,el.'

The secnnd task, which was concurrent io the first, was the syntactical analysis. On this level
the words were grouped into major phrases and attributive clau_ses and phrases. These phrases
and clauses were analyzed with consideration given to the relative importance of their roles in the
sentence. Within this task the problems of hnking major phrases in a sentence and of sentence

patterns were also considered.

The third task was to formulate and analyze English inflection tables for.proper translation
output. The major word classes under consideration for this task were the nominals, verbals,
adjectivals, and adverbials.

During the latter half of this study, applicability of the linguistic analysis to machine oper-
ations was emphasized, and this recognition of eventual machine implementation continually in-

fluenced the linguistic processing system composition throughout the rest of the period.

When the basic theories of morphological and syntactical analysis were established, the pro-
duction of lexicographic entries and linguistic rules began. It is to be emphasized that all catego-

" rizing of linguistic operations and lexicographic work is based on study of the source and target

languages and machine applicability.

This project is an attempt to bring the source language closer to the target fangdage morpho-
logically, syntactically, and in the relationship of sentence structures to patterns. The Cbntextua_l
Associative Method first looks up the proce'ss'sentence morphologically. The major and attributive
structures are then segmented for processing within the structures, and the major structures are

linked for correct processing of output.

* References may be found in the bibliography (Section 8) of this report.
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2. LINGUIETIC PROCESSING SYSTEM FOR CHINESE
. TO ENGLISH MACHINE TRANSLATION

The linguistic processing of Chinese to English machine translation is divided into the fol-
- lowing steps:

1. Ogperaticn of the Chicoder to generate input tape for the language processor

2. Lockup of Chinese grammatic tags from information on input tape and in dlctmnary entry
tzbles on magnetic tape or dise ’ '

3. Performarce of linguistic sentence analysis through the use of linguistic rule tables, both
programming and lookup techniques to be used in deriving English grammatic tags

4. Lookup of word stem of the appropriate English translation from English grammatic tags

5. Lookup of appropriate English forms for the word stem.

2,1 DESCRIPTION OF CHICODER AND ITS FUNCTION IN MACHINE TRANSLATION

The Chicoder is a device, designed to encode Chinese characters, that was completed under an
Air Force contract awarded by RADC. It has the same number of keys as the English typewriter;
ali codes therefore refer to the alphabet letters or Arabic numerals on the English typewriter
keys. The Chicoder has a vocabulary of 10,518 Chinese characters and it is designed so that 90

' percent of the common Chinese characters can be encoded in three strokes.

The Chicoder is designed to operate in two modes, English and Chinese. In the English mode,
the ‘keyboard functions like the regular English typewriter in the lower case. In the Chinese mode '
Chinese characters may he encoded, and the keyboard functions like the English typewriter.in the
upper case, Pinctuation marks and mathematical eymbols are in the Chicoder code (1v).

" Two codes are typed to position a character, and a line of five Chinese characters is dis-
played-on the screen. The character i8 selected by typing one of the position keys designated on
the lower left cornér of the a,:8, d, f, and »g.‘ke’ir's. I "theechafacter is not on the first line, the

. 2-1
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 sequencing (SEQ) key is depressed for the second line. If it is not thero, SEQ is depressed for the
third lirie, and so o,

Thé éricoding Jcheme looks at the whole character as a unit square divided into quadrants,
i.e., L i, IiL, and IV. The top and bottom character configurations, or characteristics, are se-
lected by an-ezamination of the character stroke patterns contained therein. The top charscter-
istics can usually be found in quadrants Iand T, If a5d I, ox 11 alone, and the bottom characterts-
tics can usually be found in quacrants T and IV, IV and I, or IV alone. The following is sn ex-
ample of a ¢haracter separated by quadrants: '

Ta encode the above character, keys P, 7, and 1 (G) are depressed, 1.e.

;7}'\P ’}-ﬁ'l ' 1.1 G
. A 'P,h’}'ﬁ SEQ 1] a

“The keys function as follows:

3%

1. The P key represents quadrants I and II.

2. The 7 key represents quadrants III and 1V.

3. The sequencing key identifies the row containing the character.

4, The G key, which contains a 1 in the left hand corner, identifies the column containing the
character.

The-input to the Chicoder is by means of a Friden Flexowriter, When depressed, each of the
keys inscribed with stroke patterns generates two unique 6-bit binary codes. The output of the
‘Chicoder is a punched paper tape. Each character is represented by three 8-bit binary codes, or
characters. The first 6-bit tape character is a unique code rcpresenting the upper stroke pattern,
and the second 18 & unique code representing the lower stroke pattern. The third 6-bit character
) uniqi:ely identifies the character position in a2 5 by 9 matrix. Three bits are used to encode the
row, and the other three.bits a~ = used to encode the column. A fourth 6-bit tape character indi-
cates character end.

'I'he punched paper hpe output of the Chicoder is used as input for language processing from
Cbtnese to English, Each Chineee character asges a:Chicode, which containg four characters that
' are comblnaﬁons of letters and numbers to make up the lexicographic entries. The first character




‘rep‘mﬁeﬁmeﬂmmmesmcmmurreprua\b&elmrammmthe
thirdcumtarreprumtlthem andﬂsetourthchamterrepmentsthecohmn. A Chinese
‘183 ""A:’f*en&ydmcreﬁanonecmcodembem&eup,i@.,aCh!nasewoxﬂmaybecom‘

'posedgtmmﬁmmecamecmacm and the Chicode serves as the unique code for éach
character.

The priniary funitics of the Chicades in Chinese to English machine transiation is to gensrate
' from-any given Chinese text, 5, punched pager tape for luput to the langusge processor. its second
function ia to provide {dentifying tags for Chinése characters in the loxicographic entries. This is
*of prime import ii: the complete system of langusge processing, from the input of Chinese to the
output of English.

2.2 DICTIONARY ENTRY FORMAT ANE ITS RELATIONSHIP TO TEE LINGUISTIC
PROCESSING SYSTEM

Over _15,090 lexicographic entries consieting of general terms and political science terminol-
ogy have been completed on a linguistic analysis level, first on c¢sid form and then on magnetic
tape, The informaiion on each card includes the foticwing items:

1. Romanization {Pinyin}

2, Chinese characters

3. Chicodes

4. Chinese grammatic tags

5. English grammatic tags

6. English translation stem

7. English ifnﬂecﬂon table tags.

A sample dictionary entry card is shown in Fig, 2-1 and explained in Section 2.5.3.

Selection of lexicographic ftems from all the word classes (see Section 3) of which the entries
are composed is made with the aid.of the Chinese-English Dictionary of Modern Communist
Chinese Usage™ for the political and general terminology, as well as with the fruits of research
and study of general texts listed 14 Section 8. |

The lexicographic entries are divided into three dictionaries (I, III, and IV) for linguistic
analyéis‘and programiiing operations, The argument of dictionary I consists of Chicodes, and the
function consists:of Chinese grammaﬁc tags. The- Chinese grammatic tag may contain ambiguities

‘ giich a8 V/N. (see Section 3.2.1), the verb and nour tag words for which aré listed, Linguistic
R analyslsis acccsmpnshecf through the use of linguistic rule tables contained sn dictionary II, which
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wm be discﬁssécf‘latéf'in"this section. The argument of diclonary I consists sf Chicodes and
Englisb grammaﬁc tags for each word appncable for the entry, and the function consists of English
translation stem and English infiection table tags. The English grammatic tags resuit from alter-
ing the original grammatic tags to the correct English grammatic form through the processing, of
linguistic rules. The English inflection table tags indicate the apprcmriate English ending for
nouns, ad;ecﬁves, adverbs, and verbs. The noun inflection tables give smgular and plural for-
-y mation and singular and plural possessive formaﬁon. Verb inflection tables gwe tense, infinitive,
negative, and auxiliary formation, Adjective and adverb inflection tables give regular, compara-
‘ ’ tive, and superlative formation. For a detailed explanation of the use of English {ag tables, see

B Section 5.

2.3 LINGUISTIC RULE ENTRY FORMAT AND ITS RELATIONSEIP TO THE LINGUISTIC
PROCESSING SYSTEM

v e,

The linguistic rules are the resuis of the semantic and synwctical analyses- and of the in-
corporation of the analyses into a machine transiation system. These rules are grouped into six
major linguistic passes, and each rule is illustrated in symbolic notation on a card whose left and
right sides indicate the argument and the function respectively.

’ Some examples of linguistic rules are:

1. AJXXXX; + OA, (argument) - ADXXXX, (function) L L7
& 2. ADXKOU; + V ~ 18/N ~ 1 (argument) -~ ADXKOU, + V ~ §® (function)

The explarnation of linguistic symbolic notation is as follows:
1. X = anything

2. /= ambiguity division of tag words

2. + = division'pei;ween one grammatic tag and the other

4. ~ =up to and including the stated number of subtags -
» 9. - =division between argument and functicn,

The subscript‘s are word order indicators. A complete explanation of linguistic symbols is pre-
sented in Appendix A,

Eagh major linguistic pass utilizés orie or 'smx‘e sets of linguistic rules. These rules are
matehed"againsftéhe processing sentence to find z match by word sequence. Special programming

.' operatiozas and lookup techniques are used to alter the original match (the argument) into the ‘

function. These seis of mles are dfctionary I in the linguistic processing system. They are




important in that they furnish the translation system the refinement of language processing. They
serve to resolve ambiguitizs, to group major phrases and attributive structures, to connect the

subject with the predicate, and to give infiection,

2.4 Lmes'nc PROCESSING SYSTEM

é In m:plalning the ling‘,&i,stic processing system, we proceed from the input of Chinese charat-

7 ters to the outpu‘ of English words.. A typist takes a Chinese text and puncnes from ‘the Chicoder

g " a paper tape, which is used as input for the language processor. A search is made to determine

the beginning and end of the sentence, since the linguistic analysis process presently deals with

E only one sentence at a time. A sentence is indicated by the segmentation indicators KPI, which

ﬁ indicates the beginning of the sentence, and KPT, which indicates the end of the sentence. Dic-
tionary 1 is utilized and the information from that dictionary for each word of the sentence is
extracted and read into the active memory. A processing sentence is illustrated as follows:

" e KPI Chicodes/Chinése grommé.tic w.gs (first word) Chicodes/Chinese grammatic tags -
(second word) Chicodes/Chinese grammatic tags (third word) KPT

)

The processing sentence is isolated, and Chinese grammatic tags are introduced into the
linguistic processing operation. Dictiorary II, consisting of linguistic rule operations, is then
introduced. The sentence is then examined, patterned, and recrdered by programming and table
lookup techniques. The major programming operations consist of insertion, deletion, reordering,
masking, and phrase segmentation. The words on which these operations are performed may be
tag words, English words, Chicodes, or traaslation words, .

The liﬁgul’stic rule processing is composed of six major linguistic passes, which are different
from programming passes. The linguistic passes deal with symbolic notation of rules and ex-
planations of operations for these rules, while the purpose of programming passes is to reduce
machine time to 2 minimum by grouping the linguistic rules according to different levels of operation.

Table 2-1 is a list and explanation of the linguistic passes. The major goal of pass 1 is to
utilize as much as possible the classes of words that function linguistically as phrase or structure
initial or terminal indicators. From these words, major phrases are found and formed into
syntactical patterns in suosequent- passes. Words with more than one tag word (V/N, A/N, etc.),
which we call “ambiguities,” are resolved as much as possible, depending on the position of the
" word relative to other tag words or indicators.

1 m‘. Y. i mmmmm\ !mmm!!l ¥ \

A serics of operations 18 initiated to determine the indicators of verb phrase patterns. In
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‘pass 1, reordéring of adverbs within the verb phrase and tense and modal verb operations are
recognized and indicated. The head word of the verb phrase is then singled ou. with an indicator.

In pass 2, the resulting sequence of tag words is matched against g list of noun i)hrase'pat-

" terns. When a maitch is found, a noun phrase is recognized and the appropriate kead word of the

phrase is singled out with an indicator. The words withir the noun phra.se are then rear"a.nged

' according to English word sequen\.e. o | _ - - ]
- Pass 3 detectr attributive structures, which incmde phrases and subordinate clauses, and

finds the major phrase to which these attributes are related. The attributive structures are then

isolated so that a syntactical pattern becomes apparent.

Pzss 4 consists of a series of opera*.ons io discover the e‘;:istence of noun phrase-relative
clauses in the sentence. When a noun phrase-relative clause is found, the word order is rear-
ranged according to equivalent English word sequence. The head word of this structure is again
singled out and treated as a nominal in the syntactical structure,

Pass 5 links the head words of all major phrases in the sentence and deiermines the sentence
pattern accerding to linguistic tags of each head word. This pass compietes operations on all the
tables in dictionary II.

The final pass, pass 6, selects the grammatically and semantically appropriate English wozd
from a group of translations for each Chinese word. This pass utilizes dictionaries HI and IV,

The details of each linguistic pass are further amplified in the follewing paragraphs.

2.4.1 Pass 1

Pass 1 is divided into eight subpasses. Pass 1A sections the sentence according to the ex-
isting punctuation marks This is utilized to indicate the possibihty of initial and termmal points
of phrases or clauses. ‘When a punctuation mark is found, two indicators are-usually inserted
before and after the punctuation mark. The primary phrase segmentation table has two types of
Junctuation indicators. The KC indicator is ipserted before and aiter punctuation marks within a
‘sentence, such as comma znd semicclon. The KP indicator is inserted before and after punctu-
ation marks, such as question mark, period, paragraph indicator, and exclamation mark, that
indicate the end of a sentence. For example: '

1. PC - KCI+ PC + KCT
2. PP - KPT + PP + KPI

kY

Pass 1B picks out special structures, such as comparative structures or interrogative

Py
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senténces, ﬁtﬁnut‘going through subsequent past s, since the syntactical patterns for these
structures need fusther analysis.

Discontifuous structures that are used for subtle shades of meaning for words having no
appropriate English equivalents are scanned ard masked. For example;

e B EHSSK Y (dark night has ending).

The more apprepriate transiation would be: “The dark night does have an ending,” For the
present i is masked, since it is ireated as a verb, and emphasis is not analyzed in this phase of

St‘ldYn

Anothér example is:

° 75 ? 5{,}5'3]’%' - (brave youths),

t is more appropriate to use the adjective form of the noun forﬁ é(] with certain nouns be-

tween than to consider *his as a noun phrase-relative clause. In similar phrases, such as
b G 49 13] i@(poliﬁcal problems), it is better to use the adjective form of FX_ ;'é(political)..

Pass 1C picks out adverb indépendent words that do not affect the rest of the sentence, and
they are masked for subsequent scamning (see Section 3.3).

In Pass 1D, the functions of specific connominal, collocative, and converbal class words are
determined by exammmg their immediate environment, and they are indicated accordingly. These
words can therefore be utilized as phrase or structure initial and terminal indicators. For ex-
ampie, if—g— is immeciately followed by a collocative initiel, it is used as a converbal and rot as
a verb. Those words whose functions cannot be decided on unti! the scanhing of a greater struc-
ture will be dealt with Iater (see Sections 3.13 and 3.15),

Pass 1E searches for the initial or terminal indicators for prepositicnal phrases or attri-
butive structures. When a phrase or structure indicator is found, the KI and KL indicators are
inserted before and after f:hrase or structure tag words such as LIX and IXXXX. A minor in-
dicator (FM) is 'inserted after the phrase indicator word if it is aniniiial indicator or befere if it
i 2 terminai indicator. Initials and terminals must be equal in number, and #liey are paired by
linguistic routines. | o | |

Pass 1F deals with the resolving of ambiguities of words with more than one tag word, a
circumstance that depends on the immediate environment of the word. The rules may be reap-
plied in the sentence for these ambiguities. For example:

2-10




1. AAXXXX, (adjective adverb) + OA, () + Vy = ADXXXX, (adverb) + V;
2. Am‘ + V/Nz = Aml.-i- Ng ’

Pags 14 searches for and isolates main verbs. A series of operations, including verb
phrase segnientation, adverb reordering, and inserting tense into verb grammatic tags, is made.
The verb is then singled out for subsequent passes (see Section 4.2).

Pass 1H resolves words witiz more than one tag word by examining their environment. This
operation may be performed after each major phrase operation is completed.

2.4.2 Pass 2

Pass 2 is concerned with the recognition of simple and complex noun phrases and with the
isolation of the head word from its attributes in the context. Th2 head word is utilized for sub-.
sequent passes for prepositional phrases, etc. In this pass, the number of the head word is af-
fected by its atiributes, such as arithmates or numerals, that have number tags. Words are re-
ordered according to equivalent English word sequem;;s. The detailed operation for this pass is
described in Section 4.1.

2.4.3 Pass 3

This péss searches fo.r initial or terminal points of collocative structures and connominal
phrases. When the iuitial ot terminal point is found for the structure, indicators are inserted to
separate the structure from the processing sentence. The elements within the structure are re-
ordered for the proper transiation. After this process, the tag words within the structure are
masked except for the connominal tag word and the initial and terminal structural indicators. The
connominal tag word is then referenced to the related verb for the proper connominal translation.
The collocative structures and connominal phrases are then syntacticzlly reordered to follow the
related verb or verb and object if required. Each of these steps is described in detail in Sections
4.3 and 4.4.

2.4.4 Pass 4

In this pass, the environment of the noun phrase-relative clause is examined to determine the
initial and terminal points of the noun phrase-relative cluuse. When these are found, initial and
terminal indicators are inéerted before and after the clause to segment the structure from the
sentence for subsequent operations. To derive the proper English translation of the noun phrase-
relative clause, tag words within it are reordered and English words are added where necessary.

2-11
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All words are then masked extept the head word, which is to be singled out for the verb linking

nass (see Section 4.5). _
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- 2.4.5 Pass 5

By this ﬁzﬁe, all attributive structures have been masked. The modifiers of noun phrases
(including noun phrase-relative clauses) and of verb phrases have been masked, and only the hezd
words of these phrases remain in the processing sentence. At this stage, all attributive structure
initial and terminal indicators as well as verb phrase initial and terminal indicators (KXX) are
masked, with the exception of KCI, KCT, KP], and KPT. Therefore, only major punctuation initial
and terminal indicators and head words of major phrases remain in the processing sentence. The
operations are then initiated to link the noun head word with the verb head word to give the verk
person and number. To derive certain operations, a series of rules indicating the looimp of the
next head word is necessary for this phase (see Section 4.6). After this precess is completed,_ the
processing sentence is ready for the selection of the proper translation according to the Eyglish
grammatic tag of individual Chinese words (Chicodes).

2.4.8 Pass 6

In the first five passes, the Chinese grammatic tags for each word are altered to the appro-
priate English grammatic tags. In pass 6, dictionary III is utilized in matching the appropriate
English grammatic tags tc find the correct stem of the English translation. The correct English
table tags are used in looking up the ending for the correct form. A set of special speratione is
initiated to determine the proper form for tke inflection specified in the English grammatic tag.
Dictionary IV gives the tables for these appropriate forms so that vrogramming operations can be
specified to generate operations that search for the correct endings (see Section 5). Auxiliary
words and/or endings are then attached to the word stem to generate the English equivalent for
the Chinese word.

2.5 COMPUTER EXPERIMENTATION

The computer used in the present system for Chinese to English machine translation (MT)
is a Digital Equipment Corporation PDP-1 with auxiliary disc storage. The system utilizes pro-
grams that allow the application of automatic lookuy:, content addressed tree structure, and con-
text associative type techniques. Several special operations have been programmed to facilitate
2 simulated content addressed table lookup method that is associative bui allows nesting and
structuring for phrasmg, etc. These initial operations ars experimental in nature and are being

2-12

R bt iy W e e o = - = -

R T G g ok o D 3ok PAe 7 ,_-Z-,’t:; RPN N B N e A
- 2 ’?"{';"-'c"‘,’{', - J et P oy, S e A !




-4

N = puts are paper tape is produced. This tape is processed by £
> *'*""‘ - *‘t_!‘:[; Zx;)erlmental MT system; outputs__are punched on paper tape with subseéuent English printout ‘ i
* on a Friden Flexowriter, Ei
' =_¢’ | Tizree dictionaries are prepared according to the longest match prineiple to allow a simu-
‘ . lation of content addressing. Dictionary I accomplishes word segmentation and converts Chicodes |
(.Q ) , of Chinese words into pseudo-Chicodes (semantic tags) with Chinese (grammatic) tags. Dictionary

H converts Chinese tags into English grammatic tags through operation of different linguistic
rules. Dictionary IIT leads semantic tags ard English grammatic tags to a final translation in
English, A set of subdictionaries, 1i.e., dictionaries for English inflection table tags, will later

enable automatic derivation of the proper auxiliary forms and word endings,

2.5.1 Processing Procedure

The processing procedure contains three passges using three dictionaries respectively.

Pags 1 — Chicodes to Semantic and Grammatic Tags. Dictionary I tape is written onto the
disc by an automatic loading program. The tape of Chinese text (in Chicodes) is then read in to be
processed by the content addressed lookup technique, i.e., when the Chicodes {argument) of a
Chinese word are associated with an entry in dictionary I, they will be replaced by the corres- 2
ponding semantic tags and Chinese grammatic tags (function). The output of pass 1 is thus a

string of semantic and Chinese grammatic tags. (See Appendix B for listings of Chinese text,
dictionaries, and cutputs of the experiment.)

Pass 2 — Applications of Linguisiic Rules, After dictionary II is loaded onto the disc, the
output of pass 1 is read in to be processed., Arguments of linguistic rule entries are assocfated
with the input stream, which is then modified by cperation codes indicated in the functions. An >
output tape of this pass is then produced as the input of the next pass. The output of pass 2 is a
string of semantic tags and English grammatic tags that are to be associated with the arguments
in dictionary III. Special cperations are used here in facilitating associative techniques to ac-
complish the lnguistic operations. The operations are described and ex;;lained in Section 2.5.4.

Pasg 3 ~- Semantic Tags and English Grammatic Tags to English Translations. After dic-
tionary II is loaded nnto the disc, the output of pass 2 is read in to get the final transiation. This
pass uses only the content addressed lookup technique (with chained stems and endings). The
output of pass 3 is the English translation of the original Chinese text. However, the English
translation output for nominals, adjectival adverbials, and verbals appears inthe stem form of the




o Mo
< s

voeabilary (gee Secton 5) with subsequent attackment and insertion of proper endings and auxi-
liary forms through the use of subdictionaries.

2.5.2 Dictionary Entry

Dictiorary Format. An eniry card has been designed in special formats for dictionaries 1
and IIZ. This card is arranged for the convenience of direct punching without further coding work
(see Fig. 2-1). The entry card is divided into three portions. On the tap portion of the card,
blocks on the right are for Chinese characters while blocks on the left are for their romanization
(Pinyin) letters. The space betwaen Chinese characters and their romanized letters is left for
indicating word clagsification, i.e., noun, verb, etc. In the middle portion (for dictionary I),
Chicodes cf Chinese characters (argument) are of the left, and pseudo-Chicode (semantic) and
Chinese (grammatic) tags (function) are on the right. In the lower portion (for dictionary 1II),
semantic and English grammatic tags {(argument) are on the left while English translations and
inflection table tags (function) are on the right,

Chinese Characters. Chinese characters of a word are copied in blocks. They are picked up
mainly from the “Chinese-Erglish Dictionary o? Modern Communist Chinese Usage.”® Other
sources include articles from “Bong-Qi” magazine, ¢ the “ People’s Daily,”?® and other
publications.

Romanization Letters. These are the transliteration of Chinese characters. The romanization
procedure used is the Pinyin system of Communist China rather than the Wade-Giles system. The
“Chinese-English Dictionary of Modern Communist Chinese Usage™ is used as a standard refer-

ence for romanization Pinyin.

Chicodes. The Chicode of each Chinese character can be found from Chicoder typing or from
the reference manual.?* Each Chicode containg four characters that are combinations of letters
and numbers, A slash is used as the delimiter of each Chicode, e.g., ck12/t711/,

Pseudo-Chicode (Semantic Tag). For efficient processing, the pseudo-Chicode or semantic
tag ic designed to represent variable length Chicodes of each Chinese word. Each sematic tag has
a fixed length of six charzcters that are combinations of letters and nurpbers with a slash as the

.delimiter, e.g., vaab99/. The semantic tags are very important in the application of linguistic

rules during the computer processing, which will be described in Section 2.5.5.

Chinege Grammaticv Tags. Chinese tags of each word have variable lengths due to different
word classifications, e.g., 10 tags {or a noun and i8 tags for a verb. These tags are symbols of

grammatic analyses of a Chinese word.
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English Grammatic Tags. English tags of each word also have variable lengihs similar to -
‘Chinese tags. These tags are English translation grammatic indicators of, e.g., word classifica-

tion, number, and person. There may be more than one classification (part of speech) for one

Chinese word. There may theréfqrg be more than one set of English tags to indicate different

word classifications.

Translation. This refers to the English translation of one Chinese word.- One Chinese word
may be used for different word classifications (with different sets of English tags) and one Chinese

word may therefore have more than one translation.

2.5.3 Linguistic Rules

Linguistic Passes. According to the procedure of linguistic analyses, linguistic rules are
classified into six linguistic passes with some subpasses (These are not to be confused with the
dictionary passes, since much of the computer processing is internal in aature.) They are listed

and described elsewhere in this section as well as in other sections of this report. Linguistic
rules are referred to as dictionary II (pass 2 during processing) in the explanation of this experi-
ment. All linguistic passes except linguistic subpass 6B are included in processing pass 2. The
linguistic subpass 6B, “English word inflection lookup,” is left at this stage. Further effort will
be made to continue full implementation of table tags for choosing the proper ending of English

words.

Writing Format of Linguistic Rules. Linguistic rules are written in a format similar to that ‘
of the chemistry equation, with arguments on the left and functions on the right. Examples of some
linguistic rules are shown below. All letters and numbers in the equations are either Chinese tags
of a word (e.g., ag----- ) or linguistic tags for analyses (e.g., ket). Semantic tags of each word are

not shown in the equation. Subscripfs—to sets of tags indicate their sequence. Superscripts found
at the end of some sets of tags indicate the total number of tags in the set.

1, AAIQDQ(1+HM2»AJ)QQQ(1+HMz

This rule is intended to solve a simple adjectival-adverbial ambiguity. The equation means that
when there is an adjectival-adverbial ambiguity (AAXXXX) that is immediately followed by a
special class word (HM), the adjective form (AJXXXX) is used.

KCT

2 Tgp |,

+ $VTIC ~ ¥ + UP TO NEXT; + AJXXXX, + HM; + UX; + N~ 10 - [Ilgg;rll

+ $VTIC ~ * + UP TO NEXT; + UX; + ATIOOXK, + N~ 1

This example shows the matching of alternative case and discontinued string, the reordering of
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KCT] means that either

word sequence, and the deletﬁg of a word. ‘The bracketed expression KPI

KC'f‘ or KPI will appear‘at'that position. The dollar sign with overscore, $§ , means that any-
thing else except what is under the overscore will be applied o this rule. UP TO NEXT repre-
sents the dipcontinued portion of the strmg, and means the connection of two halves of the rule.
The whole equation means that when either KCT or I@I is immediately followed by anything
else except YTIC ~ 18 and followed by some other words that are in turn followed by a string of
AIXXXX, FIM, UX, and N ~ 1%, the word AJXXXX should be moved to the position between UX
and N~ " and the word HM should be eliminated.

3. US; + UP, + UPy+ UP; + NT3SONOOUO; -~ NT3E0N30UO; + of + UAj+ UA; + UAg + UA,

This is an example of noun phrase reordering. When there are four numerals (US or UP) that

- are followed by a noun of time (NT3SONOOUO), they should be presented in arithmetic form (UA)
anc. moved to the position after the noun with “of” in front of the numerals. After reordering, the
underlined portion in the function (of + UA + UA + UA + UA) is masked until final translation of
English. The nominal tag 7 is therefore changed from 9 to 3 to indicate the forniation of a nominal
of time phrase.

2.5.4 Operation Codes for Contextual Associative Method

Operation codes indicated in dictionary II will perform the special matching operation and the
linguisiic changes required by translation. These operatibns will allow the input data to be mani-
puiated in different ways to obtain the desired form. Ambiguities in vyord classification will be
resolved. Noun phrases, verb phrases, and adverbs will be reordered and put into proper position.
The subject, the main verb, and the object of a sentence will be detected and connected to each
other. These operation codes are described and explained individually as follows. However,
examples of their uses will be given later.

Don’t Care Code (-). A hyphen in the argument will asciate with any character in the input
string at that position. One hyphen will match only oune character. The hyphens in the argument

are therefore used as unspecified characters to associate with corresponding characters in the
mput (The don t care code is identical with X in linguistic analysis.)

Up To Next (~). The right arrow will appear in the argument for connecting two separate

parts of a2 rule. This operation is created because'some linguistic rules require the association
of two uarelated strings to provide sufficient information. The gap in between may contain varia-
ble length data, and it is therefore not known how many don’t care codes are needed, This up to
nex'ltvt‘:ode will fill j:he gap and connect the two separated parts to enable a complete association.

2-16 |

.
,

PRI

R
Tk ¥ '

IR

. T
e e e e e e Svwy s T VU
. . X -




oy -

Save Input (.). The period is used in the function to save the associated portion of the mput
as mdicated 31 the corresponding argument. This code will usually appear &i the beghuﬂng,of the
fungtip_n to.alter the inpnt string. Withcut this code at the beginning of the function, the associated
portion of input will be delgted from the input string.

Rho Stuffing (). The overscore in the function will insert characters underneath and fol-
lowings into the input string. Characters to be inserted start from the one under the overscore
and end at the one before any operation code or blazk.

Shift Code (s or em). The middle dot indicates that the assumed pointer in the input string is
to be shifted to the right. A letier m immediately foliowing the middle dot will change the shifting
direction to the leit of the pointer. Numbers following the shift code indicate how many positions
to be shifted. The assuined pointer is the position in the input string where the next table lookup
will start. The pointer will appear in the intermediate printout as an underscore ().

Ignoze Codes (2, A, <, >, [, ]). There are six sets of ignore codes designed to ignore por-
tions of the input for future table lookup. These ignore codes are used only in pairs of the same
code, e.g., [and [, < and <. The first ignore code of the pair indicates the initial of the ignored
portion while the second ignore code indicates the terminal. One pair of ignore codes could be
included in another pair of ignore codes if necessary. (The ignore oﬁeration is identical with the
masking function in the linguistic analysis.)

Masking Code (,). The comma is used in the function to mask or skip the unchanged charac-
ter in the argument, i.e., the comma in the function will save the cbrresponding character in the
argument as it is, therefore retaining it in the input in original form. One comma will skip only
one character.

Save Copy ({). The up arrow in the function will save part of the argument and cause the
saved portion to be moved to the desired position. Masking codes usually follow the up arrow to
indicate the corresponding charactere that wili be moved.

Restore Copy (+). A plus sign following a shift operation in the function will restore the part
saved to the designated position. This operation code is used in conjunciion with a save copy code
and a shift code to accuomplish the reordering of data strings.

Reset Pointer (~). A tilde at the end of function will reset the pointer at the beginning of a
senteace. This code is often used at the completion of rule application to stop further searching
of the rest of the sentence, and to restart the searching from the very beginning of the sentence.
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, Ling _f_;_‘"“trcrules are-coded n dictionar-z jig in a pseudo innguage for processing. The three
examples cited in. Bection .2.5.3 are h*ought over to show the actual coding of individual rules. The
coding of‘emmplelis. e

-~ -
- - el

Argument Function

a@--=<)==----/hm) Fl=
x1=aa - aj~

These two dictionary entries will accomplish the simpie ambiguity rule in example 1. The
hyphen stands for anything, such as a letter, a number, or a symbol. When the argument of the
first entry is addressed, its function specifies the saving of the associated portion of the input
stream and the moving of the pointer to the l_eft of the argument, indicated by 2 period, and stuff in
X1= at the location of pointer, indicated by an 6verscore. The string in the 1/O buffer will then
show as follows, with the underscore designated as the pointer:

o X1=33-<--)==-=--/hm)

The econd entry will associate with the above string and replace x1=aa with aj. The pointer

will be moved back to the very beginning of the processing sentence (indicated by ~) The siring
will show as:

The coding of example 2 is:

Argument Function

i ket (==r=ze/vtig-rnnnmcnomc)mmnnnes/ 0999999998
L Y Y S
--memmm --)

Kpi(~=--=/VtiC-==--venmmm-)mmnnmnz/ 4999999993
SRRV ') EEEREY 8

n---------)

kct(-o---=--'/aj----)-----n/hm)------/ od ’ 99999999319999992+ s MO92X20=
TR AR S—

kpi("-‘-—"--/aj----)'---""/hm)';---.'-/ o°4i ,3,,,,,,,,,,,,'992"'0m99m0=

u:-)-f.-.-::’-'-an-v------e-)

. X20=-enr--/tim)

G 4 - S > .- 2 =




Emmple 2 needs five dictlonary entnes to accomplish the rather complicated requirement
Ip-the first entry, any portion of thg input stream meeting these conditions will »ssociate with the
example 2'rule, which began with KCT + VTIC ~ '8, Its function specifies the Saving of the as-

sociated input stream (indicated by a period) and the shifting of the pointer to the right (indicated
by« middle dot) by 80 characters (indicated by 998999888). This will meet the requirement of
. examiple 2 that if KCT or KPI is immediately followed by VTIC ~ ** and the rest, this rule will

not apply. The second entry is the same as the first entry except that KPI replaces KCT to
ensure that either rase wiil not be applied.

Since exceptions of example 2 have been taken care of, the third and fourth entries will include
all cases applicable to this rule. The up to next code (~) will connect two separated parts of the
rule. Their functions indicate the saving of that portion of the input stream and the shifting of the
pointer to the right by 4 characters (indicated by « 4) and the moving of the following 14 charac-
ters (indicated by4,,,,,,,ss,s5,,) to the right by 20 positions (indicated by « 892) and the restoring of
them (indicated by +). The pointer is then shifted left by 20 positions (indicated by « m99%) and
x20= is inserted. After operaticns of this entry, the original string (argument of third or fourth

entry) will appear as:
o ket(+x20=-----—- /hm)------ /us)=----- /3j===)=zo-==/Pmmmnuencs)
or as:c ] ” s
@ kpi(~x20=~----- /hm)------ /u-)-=---- /aj===<)------ /n----=mmue )

The pointer is now at X and the argument in the fifth entry will therefore be addressed. Be- )
cause there is no save cede (,) at the beginning of its function, the argument will be eliminated ;
from the data string. The tilde in the function will reset the pointer to the beginning of this sen- -

' . tence for other table lockups. The string after the application of the fifth entry will be shown as: : |:
. . x

' |

|
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The coding of examyle 3 is:

Argument Function

------ / us)"""/“D)'”""/up) "””’/ua)”””/ua)”””/ua)
------/up) ------ /nt33Gn00u0) 535395/ UR)e994K22=
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B x22=00u0) a 30u0)zofzzz/z).m899%23=
323-'—"f:“'/nt380n39u0)20f222/3) .323‘:-'i,,,,,,,,,,,,,”,,,,,s,.,,,,om99998+099 ' ]
| <4099094524= ‘ i E
x24=x23= - . <~
This rule of reordering noun of time phrases is facilitated by four entries in dictionasy IL

When the argument of the first entry is matched by the string in the 1/0 buffer, its furction indi-
cates the saving of the argument (indicated by a period) with masked portion to be protected
(indicated by c:gmmas) and unmasked portion to be replaced. The pointer is then shifted to the
right by nine and four characters and x22= is inserted there, After the application of the first
entry, the string will show as:

" g

The last portion of the string will match the argument of the second entry and is to be re~ <
placed by 30u0)zofzzz/z). The pointer is then mcved to the left (indicated by « m) by 9+8+9 char-
acters to insert x23=. The string Will show as: '

® ~-c-vee /ug)====-- /ua)------ /ua)-=e=== /ua)z23=---e- /! né3sOn3Cfu0)zofzzz/z)

The portion started from x23= will associate with the argument of the third entry. The function of
the third entry instnicts the saving of the associated portion of the input stream (indicated by .)
and the moving of the 27 characiers (indicé.ted BY 4 11009099999999999399990999,) that follow x23= to the left
(indicated by « m) by 9+9+9+948 characters. It then instructs to shift the poiuter to the right (indi-
cated by « ) by 9+9 characters to insert the ignore code (<) and again to shift to the right by
9+9+9+2+9+4 characters to inser? x24=, The striné will become: ’

'The last portion of the above étring will associate with the argument of the fourth entry. Its
function indicates the replacing of the associated input stream segment by another igucre code (<)
and the moving back of the pointer to the very beginning of the sentence (indicated by ~). The
final appearance of the string will be:

2.5.6 Conclusion

To give a precise picture of compuier processing results, a two-sentence paragraph of =
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Chinese text is chosen as-an éx_ampl‘e-fo*.jmustratiom The Chinese text iz ,prepars«i and proceséed
| accordingto tlie"pr_oceﬁure:-;; described above. The Chinese text in both Chinese and Chicodes,
three &ic’tiona,rieé, and outpitts of each pass are listed in Appendix B. However, for easier under-
standing, dictionary I (linguistic rules for the sample paragraph) is listed in Hnguistic writing
format rather than in the computer pseudocoding linguage.

Briefly, this experin_xentatié:z has stll-ccessfully adapted the linguistic analyses tv computer
implementation of language processing. This developed and tested mackine transiation system is
2ot a simple word 5y word machine translation but will viilize and apply accumulated efforts of thc
linguistic research to give an output closer to that of human translation. The quality of the ma-
chine translation can always be improved by enlarging and revising morphological and syntactical

dictionary entries, which are the direct result of the linguistic research.

~ The software system employed is open ended in every sense, in that rules can be added for
exceptional cases and rules can be added to apply to greater context without requiring special
programming and withcut causing any conflict (unless it supersedes a ruie).

Although this system is designed for Chinese to English translation, its principle and meiho-
dology could be effectively applied to the inverse translation, i.e., English to Chinese, or to other
language translations, e.g., Russianto English or German to English.




3. MCRPHOLOGICAL ANALYSIS

- . An intensive study of the morphology of the mosern Chinese language was made during the

s s ) m

past year. In the course of this study, many factors in the Chinese language were considered.
Monosyllabic as well as polysyllabic Chinese words were examined for their functions in relation
with other words. Both semantic and word class ambiguities were taken inic account. Inflections

for the three primary morpholdgical classeé (nominals, verbals, and adjectival adverbials) were

considered in relation to monosyllabic and polysyllabic words whose definitions are enhanced by :
these inflections. The relative importance of punctuation marks in the ssgmentation of phrases

and clauses was examined. In the composition of morphological ciasses, ample room was allowed

for adjustments, modifications, and additions.

Each major morphological class has a series of subtags, and each subtag gives specific gram-
matic information for a particular word in that class. For example, the adiectivai-adverbial class
has subtags that denote degree, tense, and type of word modified by adverbials. Up to this point,
14 morphological classes kave been defined, and room for addition of subtags to each class and for
formulation of more word classes has been allowed. Tag 1 is the des:gnatlcn for each major
morphological class, the subtags for which are illustra;ed in the general table (Table 3-1) and
explained in this section of the report. The specific tables for the Chinese morphological tags are
shown in Tables 3-2 through 3-8.

3.1 MORPHOLOGY TAGS AND EXPLANATIONS

The 14 word classes cutlined in the general and specific tables for Chinese merphological
tags are utilized in making lexicographic entries. Specifically, the major word class and its sub-

tags are listed as Chinese grammatic tags for each entry in the dictionary format. Each Chinese

i
word may, of course, have one or more word classes for morphological analysig. Table 3-9 gives g
&

the symbeci, the terminology as used in our linguistic analysis, and the general definition for each

major word class (tag 1).
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Table 3-6 — Specific Table for the Conneminal Class Tags

Tag 2 —
Type

A =8| 8K, %=z,

0 =¥ ,1E4, 6K

Q=492 LEE

R = vh, btk £

S =1%,ha A,
2k (5 b

T= ;‘)\

"y

Tag 3§ —
Regularity

R = vegular
1 = irregular

A = with special
adjective

C = comparison
eonnominzl

Tag 4 —

Posijtion
R = preverb
2 = postverb
B=Xand P

I = independent
of verb

A = preadjective
cr comparison

‘Tags—
Quality

N = followed by
aoun Or noun
phrage

V =N, or followed
by verb (present
participle) and
noun

S = clzuse or noun
phrase




Table 3-7 — Specific Table for the Converbal Clags Tags

Tagi— Tag2 — Tag 3 — Tag 4 —
Kind Type Subtag Tense

Z =converbal N = negative I = initial F = future

P = present T = teyminal P = present
participle

T = tense =
indicator E = perfect

B=Tand T R = progressive

A = paggive I = Initial 0 =none

voice e -
indicator T = terminal

(3%)
" R =relative
clzuse A

(¢

I = imrortant
verb
indicator

0 = none

A=dp
B=4_
c=-*%

C =complement 3 =untranslatable 0 = none

6 = translate as =~~~ - _
it is

Table 3-8 — Specific Table for the Collocative Class Tags

Tag 3 —
Tagl — Tag 2 — Translation
Kind Type Clagsification

5
oMY
5 R

L = collocative I = initial A=5,4 ,107, ete.
B=a) %4 ,9] 4 , ete.
C=2h, 1, §, ete.
D= &,etc.

JuN:

+

T =terminal A = 3b.dp,2¥ i | ete.
| B=jp.b ,KIf, ete.
C=3¥%,T, etc.
D= ,h4, ete.
E-—-*,i ,i'@, , ete.
F =3k, etc.
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Symbol ‘ Términélogy

Table. 3-89 — Symbols, Terminology, and General
Definition for Major Chinese Word Classes

-

Nominals

Adjectival

adverbials
Verbals

Ccllocatives

- Arithmates

Synonomes

Numerals

Conjunctions

Converbals

General Definition
Nouns (l;\ Df,)

Major attributes of nouns

and verbs (qa;i,:@- ft)_

Verbs (& &) _

" Prepositions of discontinuous

structure (%. . .k, ax. . .},{é)
Demonstratives ( Si(_ AP &%,
4 %)

Classifiers and measurements
k1 & ,’H' Kt

Equal conjunctions (4a, A AR.

X %)
Words contributing to verbs in

regard to tense, aspect. voice,

negation ({, Y7 \, ?ﬁ, € &

3.5

Auxiliaries

Con-adjectival-

adverbials
Punctuation
Connominals

Sp “cial words

Auxiliary verbs (}f‘.’ 3‘5 + Tj
A AAE 2R
Words that formulate adjectives

or adve. bs

Punctua.ion miarks (, ; .)

Preposilions Mﬁ,f—? T 4. 48)

Special words (6%, 4], ?f‘)
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-
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3.1.1 -General Tag Terminology
The foli‘oﬁng paragraphs briefly explain the general tag terminnlogy.

Type. 'l_‘!;e types of a word include subclasses that dernote either semantic or grammatie
quatities of differentiation. For example, nominals are differentiated according to meaning; they
fall into the classes of human, conntry, animal, abstract, concrete, place name, etc. Verbs are
classified according to grammatic function, such as transitivity with nominal ob]ect, transitivity
with both direct-and indirect object, and intransitivity.

Position. The positions of a word include subclasses that denote its possible relative positions

between words. For example, collocative initial precedes collocative terminal (,é. ‘]’), converhal
"initial Qrecedes the verb, and converbal terminal follows the verb (‘l{r, T ).

Number. Number class_:ification is tagged in accordance with the English translation as to
singular and plural, since number inflection is not shown in Chinese. Wor:, classes such as nomi-
nal, arithmate, and numeral have number tags.

Translatability. Synonomes have translatability and untranslatability. For example, '1\‘ is
untranslatable, while éﬂl’ (kind) is translatable. Some adverbs, such as ﬂ andij;, which are
presently difficult to translate because they change their meanings in different contexts, are tem-
porarily treated as untranslatable. In further linguistic analysis. of this catagory, it is hoped that
appropriate English syntactic structures that transfer the exact meaning of these words will be

~ found.

Specific Word Indicators. Con-adjectival-adverbial, connominal, and special (H) classes of
words (e.g.,3¥,, {g , % #>, and éf] ) have specific tags, so that no specific Chicodes are needed
to identify them.

Person. Nominals and verbals use pérson tags for English person verb inflections in refer-

ence to first, second, ana third person, since Chinese has ro verb person inflection.

Tags of specific interest will be referred to and explained in detail in the discussion of vari-

ous word classes and of the utilization of information tags.

3.2 NOMINALS

The nominals have ten information tags, shown in Table 3-3, thatinclude Chinese and Eaglish
grammatic tags. In the study of the nominals, several problems were zonsidered. The first
problem involves the fact that differentiation must be made among pure nominals, verbat.l'/ nominals
(V/N), and adjectival/nominals (A/N). Analyses of nominals in terms of semantic differences

-
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were undartaken, and n;minais ware groupsd into typas for proper traanslation in their various
relationships with vther words Studies were made concerning: (i) nominals that, when preceded
by % (6QIZ)* and followed by 64 (VF11), can be changed into English adjectival forms, and (2)
nominzis that, when followed by-E., can be charged into English adjectivcl or adverbial foms.

The problem of utilizirg one-characier worde that have functions in specific word classes,
but may aiso serve as family names and therefore require romanization, was also taken info
account. Words such as é?; 2% (president) and il% {chairman), which can also be used as
titles for proper naimes, were analyzea for the purpose of assigning appropriate subtags.

There is also the problem of categorizing nominals that function as tense indicators or as
collocative phrase endings. Persosn, number, capitalization, < translatability of the nominal
class were analyzed in the study of nominals.

3.2.1 Nominal Tag 1—Kind

The most common kirds of nominal ambiguities are V/N and A/N, which are different from
pure nominals; pure nominals have onily the nominal grammatic functiop. Two examples of pure

ncminals are:

1. AL R (people)

U

2.8, 7 (war).
A /N isarnominal that can also function as a verb. Three examples of V/N’s are:

1, 1. % (work)

2. 4, %\ (represeunt, representative)

3.%§ %2, (organize, organization).
A V/N is different from a pure verbal with an English equivalent noun form. For example, in
& \'a‘:‘] ,%3\ }f-j (his coming),it~ % J (come) is not a V/N, but a pure V that has an English noun
form. Usually,9%j (*IM) is not needed to make a V/N function as a nominal, while a pure V re-
(quires that HM precede it, e.g.;?;‘ f: éﬂ »‘&‘(Communist organization).

An A/N ig a nominal that sometimes functions as an adjectival. The followirg are examples
of A/N’s:

1, ’}‘h: % {happy, happiness)
2. &) #E. (ditticult, difficulty)

* Codes in parentheses refer to Chicodes for the Chinese character.
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3.4 (health, healthy).

When functioning as adjectivals, these words must usually be followed by HM or preceded by
ADRR, such as%f'& {very), ’i‘ ’73\' {very), and 34 4 (quite). Two examples are;

1. § f ¢ Q4 (itricult problem)
2.4 B ¥ % 7% (healthy life)-

However, when these words function as nouns, they need not be preceded by HM. For example:

1. &% %] 4. (economic difficulty)
2. &2 4% 7. (psychological health),

A pure adjectival, however, must have HM preceding it to cause it to take noun form.

Although words such as n { (history) and i.:”i (agriculture) have equivalent English
adjectival forms (historic, agricultural), they are entered as nominals with adjectical forms. A
rule causes them *o take adjectival form when they precede a nominal without HM in between:

e ND1+N3->AJX}QQ{1+N2

3.2.‘2 Nominal Tag 2 — Type

The nominals are divided into eleven subeclasses, as follows.

Pronominal (M). This subclass includes all pronouns, e.g., ¥& (you), ‘«‘fi(\ (D), and & (he).

Couniry and Continent (C). This subclass includes all nominals that are proper names of

countries and continents. Although these are classified as pure nominals, the adjectival forms are
included in the English translation. Some examples ax-'e:;{- H (U.S., American) and 2F N
(Africa, African).

Idea (D). This subclass includes the designations of theory, point of view, concept, life, com-
position, etc.—~nam<s of nonconcrete things that are abstractions or generalizations, e.g., A4, ?;é}'
(editorial), 4: ’3}2 (conference), and I?(, \ﬁ (opposite). This category of nominals sometimes

utilizes the ¥YD&S tag (tag 7).

Organization (O). This subclass includes the designations of agency, group, company, etc.—

nodinalé that have a collective, active authority to perform specific activities. Some examples

are: ¥ # 1 (delegation), i (party), and ¥} % (couniry).

Euman (H). This subclass includes ierms for human individuals. Some examples are: % /\
(ruadam), 2. /% (chaivman), and A_{g_ (ambassador).
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Human Collective (E). This subclass includes generalized names for groups of people or for
ponspecific persons. The English translation for such words is usually plural in number. Dis-
cretion should be used in differentiating these nominals from humen nominals, which are mainly
singulzs in number. Human collective nominals de not use the address tag (tag 8). Some examples
are: \. R, (people), x. AL (workers), %5 . (students), and & A< %_ (capitalists).

Tnanimate (I). This subclass is defined to include all things that are concrete and neither
human nor animal, such as stones, trees, places with common names, radio stations, parts of the
body, and buildings. Scme examples are: 5 ¥ (nouse), & A& {clothes), and A
(automobile).

Beasts (B). This subclass includes all live animals, singular or collective. Some examples
kv
are: éi(%’ (domestic fowls), T‘] (dogs),% (sheep), % (birds), and .‘;Q,(fish).

Place Names (P). This subelass includes zil proper place names, excluding countries and
continents. Some examples are: f4a ﬁ* (Berlin), . AQ— (Shanghai), and fi% ‘f,ﬁ.(Boston).

Nominals of Time (T). This subclass includes specizl nominals that involve the concept of
time. These function as tense indicators and utilize the definity tag (tag j. Some examples are:
A (August),s £ {today), -ﬁ" (year), 8. k. (present), and B§ 4% (time).*

Collocative Terminals (K). This subclass includes nominals that are basically nominals, but

are often used as collocative phrase endings. Some examples are:“;j' \%7 (aspect) and"Aﬁ \@

(aspect).

3.2.3 Nominai Tag 3—Person

All nominals are in the third person except £\ (you), which is in the second person, and ésf(: §9)

and 7;"/\ (D, which are in the first person.

3.2.4 Nominal Tag 4—Number

The number tag is classified according to the English translation of the Chinese word.

3.2.5 Nominal Tag 5—Capitalization

Proper nominals use Pfor the capitalization tag; common nominals use v,

* See Section 3.2.9 for specific discussion of the nominal of time.
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Nominals of the subclasses denoting idea, organization, inanimste, continent, place name,
beast, nominal of time, and collocative terminal usually use N (neuter) for their gender tag.
Country names usually use F (feminine). Nominals that are concerned with human beings and are

’
]
3.2.86 Nominal Tag 6—Gender- g

not specifically known as either feminine or masculine (M) are all considered to be masculine.
For example,'f}" 2 (students) and A_ K, (people) use M in the gender tag, but-¥" 5% -3~ (girl)
and 42 —f~ (women) use F in the gender tag.

X

- 3.2.7 Nominal Tag T—YD&S Tag
'”; Some nominais in the subclass “idea” go inside the phrase % ég and become adjectival.

Some examples are:
-"f‘_‘ 1.5 4 289 (brave) ;
- 2.% #. X_#% (significant). :

These idea nominals ( ;;, *, and £ X) use Y in the YD&S tag, and the English adjectival forms

- » i (brave, significant) are included in the English translation. However, single character idea nomi-

iy

e nals such as }J and’f"f » Which also go into the YD phrase and become adjectival, need not have the
. YD tag, and the English adjectival forms need not be included in the English translation.

Some nominals followed by . 2 become adjectival or adverbial, e.g., 2L % k. (political,
politicaliy), and ‘q 'ﬁ i3 (lexicographical, lexicographically). These nominals (FX_:4 and
;;;]'2 q: ) use S in the YD&S tag, and the A forms are included in the English translation.

3.2.8 Nominal Tag 8—Address

I
' Some human nominals can sometimes be used as the title of a proper name, For example:
f,

4 1. 2. 5.% (Mr. wang)
2, %.41}:"% (Chairman Mao).

. | Thehumannominals(;tui andif‘?)useAintagB.

3.2.9 Nominal Tag 9—Definity ' .

This tag is used primarily for the nominals of time, which are words concerning the con-

subclasses into which the nominals of time are divided. At present, there are six major subclas-

i
1 .
ception of time. A T is used as indicator in the nominal tag 2, and tag 9 is used to indicate the
l ses, as follows.
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Nominal of Time—Detinite. The names of the twelve months of the year, the seven days of the
week, the diffierent seasons, the different periods of time of day and night, ete., are included in
this subclass. A D is put in tag 9 as indicator. When these words are not preceded by other
nouns of time or followed by either VS1 (i) or HM (é'{] ), they are treated as collocative phra-
ses at a certain phase of the translation scheme. Some examples of such words are: Z. iﬁ 2.

(Friday), ‘f—'f‘(noon), é»'k(spring), and +—‘—}] (December).

Nominal of Time—Indefinite. Another group of nominals of time has the function of collocative

i N . ,
DY 1L s M

termination. The no;ninals in this group are classified as indefinite nominals of time ratker than
as collocaiive terminals. 1 one of these words is preceded by a collocative initial, it functions as
a terminal. If nof, it is 2 regular nominal of time. An 1 in tag 9 is used as indicator. Some ex- '
amples of such words are: B 1%, (time), Z. 8 (day), and ¥ g} ﬂ:}(at the same time). )

Nominal of Time—Numeral. A few words are used to measure time, and are classified as ;
nominal of time numerals. Like other measurement words in the synonome class, when these f ,
words are preceded by a numeral the resulting phrase can be either a nominal or an adverbial ; ,
phrase. Some examples are: ‘%‘ (year), K (day), and 3 ﬁﬁ (week). ;

Nominal of Time—Rclative. There is a group of words that indicate the relativity of time. In

Chinese, words of thic group are used to indicate the time of the sentence relative to the present.

Such words are classified as relative nominals of time. An R is put in tag 9 as indicator. Since
8
these worde usually overlap with the adverbial class, they are classified as AD/NTR. The ad-

verbial tag 5 indicates tense (see Section 3.3). When these words precede any other nominal of

time, 2 nominal of time phrése is made and the tense tag is kept. Later the tense tag is redupli-
cated in the verbal tag 15 to indicate the correct tense inflection of the English verb form. When
these words precede HM, they take noun form and a regular noun phrase is made. If they precede

any other word, they take the adverbial form. The rules generated are:

1, AD,/NTI%;-!—NT]QJ-_I:I_T__IEZ} cf + AD,

2. ADl/NTI?{-l- HM + NX; - NX; + of + NTI921
3. NX-!-AD/NTI%-—NX-&-AD

4, AD/NTI%-!—NX-AD-!—NX

Some examples of relative nominals of time are:

l’kj‘f‘ (Iast year)
2.99 A (tomorrow)
3. 8F 8%_ (1ast night),
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Nominal of Time Indicator, Certain words, such as &{,4.(A.D.), W A.§i(B.C.), and 4 Z,
(A.D.), are used to indicate the time of a rominal of time phrase. The words are classified as
nominal of time indicators. An N is put in tag 9 as indicator. The rule generated is:

9 9
o NTI + NPy - NPy, + NTI

Nominal of Time—O. The NT(?J word (8) is different from other nominal of time numerals
because of its irregular relationship to numerals. When this word occurs after a numeral and the
numeral i8 preceded by a definite nominal of time, the numeral is to take the UQ form, and NT(a)
is to be deleted. An O in tag 9 is used to indicate this word.

3.2.10 Nominal Tag 10—Translatability

This tag refers to the translatability of the entry. A 0 indicates that it can be transiated, and
a U that it cannot be translated.

3.3 ADJECTIVAL ADVERBIALS

The adjectival-adverbial class, shown in Table 3-4, includes all Chinese morphemes that
modify verbs or nouns. This group of medifiers is under the general heading of A, since some
words can be used to modify both verbs and nouns, and word classes would otherwise have to be
further subdivided into similar subtags.

3.3.1 Adjectival-Adverbial Tag 1

This tag is always A to distinguish it from other grammatical classes.

3.3.2 Adjectival-Adverbial Tag 2

This tag indicates the major divisions of the A class. Morphemes that are adjectivals, i.e.,
that can be used as attributes of nouns with or without the adjectival indicator 4(HM), or that can
be attributes of verbs or verb phrases only when followed by the adverbial indicator 3¢ (0OA), are
classified as subclasé J. Examples of such adjectivals are:

1, oI\ \"] (].OftY)

4& (tense)

3. A‘ . (legal)

4. % &t (abject)
5. A 4% A& (unpopular).

Morphemes that are usually used as attributes to verbs without being followed by OA, but that
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must be followed by HM when used as attributes of nouns, are classified as D. Some examples of
. members of thiz class are:

J ) 1. .7 (adequately)

| 2.4 % (minimum)

] 3.4% &, (willfully)

N . 4.3% —F (further).

i

3

g . - .

P —

: Since the linguistic analysis has not yet gone #ato the level that distinguishes a subordinate
) clause from 2 main clause in 2 complex sentence, all subordinate clause indicators such as 7~ 49,
) (not only), *# X (although), 42 % (if), and ¥7 B, (and) are temporarily included in this subclass.

TE e e e e vy . s g

. Morphemes that need not have HM or OA to be attributes to either noun or verbs are clas-
i / sified as A. Examples of members of this class are:

T '
1. 9% 3R (illegal)
2. 2% 4B (positive)
3. % 4%*'(collective)

4, _)i &E (continuous) | . '

. 5. £ & (overall). b

\
R “A ¢
1 -
A
1
- —

-

We do admit that the above classification depends a great deal on the subjective use of the \
classifier, It is hoped that the criterion of classification is always the structure most commonly :

——

used in modern Chinese (é%}). According to the above classification, the following linguistic ,
|

rules are generated:

. AA;+ OAp + V3~ ADy + Vg

. AJg+ OAg + Vg - ADy+ V3

. AAj+ HMp + Ny~ Ady+ Ng

. ADy+ HM; + Ng - AJ; + Nj
. AA+ V- AD+ V

. AA+ N+ AJ+ N

D UG B O DN e

!
f
[
There are some Chinese adjectivals whose English equivalents must go afier the nouns they ) i
. . ' . _ e}
modify. In such cases, the adjectivals are classified as AP (adjectival postal) or AB (adjectival I

) postai*or adverbial). Some examples are:

1IN ':J A2, (compatriots abroad)
2. A% }’f ¥] $L5% (machines in sets)

< v e p———
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3. 48 &8 49 "ikgsc (harvest above norm),

When such classes appear, what is best and simplest for the longest match met_.od and for ma-

chine operations is usually taken into consideration.

EY

There ie a group of adjectivals whose members have a very close relationship with certain
connominals. These adjectivals are classified as special adjectivals (AS) with a completely dif-
ferent set of tags. Some examples of such special adjectivals are:

1.@ (far)
& (near)
3.— & (same)
4. — AK_(together)
5. — &L (together).

All adjectivals and adverbials take noun form when preceded by HM and foliowed by a phrase
segmentation indicator (KXX):

o IM+ A+ KXX-HM+ N+ KXX

3.3.3 Adjectival-Adverbial Tag 3

This tag indicates the degree of the adjectival or adverbial. In Chinese the degree indicator
is a group of independent words, while in English the degree indicator is either a separate word or
a suffix. Most Chinese adjectivals and adverbials are therefore in reguiar form in the dictionary.

In context, when they are preceded by a degree indicator, a rule will combine the two Chinese

words into one, as follows:
® ADC; + AJR, - AJC,

From the English tags, the machine will be able to find the correct form for the English equivalent
of the two Chinese words.

3.3.4 Adjectival-Adverbial Tag 4

This tag is used to indicate the quality of the adverb. Most»adverbials,are attributes only to
verbals. A Vor a K is used in tag 4. In- Chinese, most adverbials precede the verbs they modify,
and in such cases they can be used as verb indicators. In English, however, some adverbs usually
go after or before the verbs they modify. The classifier is able to indicate this by choosing a v
or a K. The following rules are generated for this purpose:
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1. ADXV;+ V, - Vy + ADXV,
2. ADXK;+ V; - ADXK, + V,

It is discovered that degree indicators (ADCR, ADSR) are the only adverbs that can modify
verbs, adjectivals, and adverbs. Some examples are: 3’#’; '3‘ XK. (lise most) f/llé- o %
(better way) and B4 1§ # 4% (do better).

There are certain adverbs that can only modify adjectives (ADRJ), s.g., ‘i‘ JE_HUE XL f‘f’
(highly secretive document).

_ There are certain adverbials that do not influence the grammatical structure of the sentence.
Such adverbials are called “independent adverbials.” Because of the lack of time, the clause con-

junctions are also temporarily put into this class. Scme examples of such adverbials are:

1, ;ﬁ“ﬁ)s g'\(for many years)
2.49. % (but)

3. &£ ¥ X (actual)

4. - M~(an).

3.3.5 Adjectival-Adverbial Tag 5

There is a group of modifiers that is used in Chinese to indicate time. Tag 5 is used for such
purpose. In machine operation, the adverbial tag 5 is moved into the verb tag 15, causing the
English verb to have the correct English tense inflection. Some examples are:

1. ;,Eu é\ (present)
2. X 9] (in the past)

3.4 ﬁ:] (at present)
4.3 F (in those days).

3.3.6 Adjectival -Adverbial Tag 6

There are certain important Chinese verbal indicators for which English does not have any
equivalent single words. For the present, they are not translated, but as the linguistic system is

refined, it is hoped that the correct trans)ation_ may be decided on. Examples of such words are:
. f? , and Zt' .

The major linguistic classes that overlap class A are A/N, AD/V, and AJ/V. The A/N’s are
introduced by the nominals. The AD/V’s are Chinese words that function as verbs when they are
not f«ollowed by a verb, but become attributes of verbs when they precede verbs in context.
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‘phrase structure in which it is used. Several problems arise from this peculiarity of the Chinese
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Instead of classifying such words as VTE or VTD, it ie much more convenient to classify them as

AD/V. Some examples of such words are:

1, 'yf? }J (diligently, work hard)
2. & &% (continuously, continue)
3. /g~ (separately, separate).

The following linguistic rules spply:

1, AD/V+ V-AD+ V
2. AD/V+ $V* =V + $V

Class AJ/V includes all words ending with {¢_ , such as 3~ ik 4¥, (industrialized) and
5% 3] Ik(t’_.(fascistize), and other words like‘ﬁ,§~ (progressive) and ‘él (solid).

3.4 YERBALS

In the course of ti.is study, the verbal class has bzen found to be the most interesting and the
most challenging, since it plays such an important role in sentence structure. Aside from its

primary function as the main verb in a sentence, the Chinese verb alters its form depending on the

verk:

1. There is no inflected form for conjugation *w{th person, number, or tense. The tense and
aspect can be specified by adverbial of time indicators and by other indicators, such as auxiliaries
and converbals.

2. In general, there is no distinction in Chinese verbs between transitivity and intransitivity.
With the exception of a limited number of verbs that do not take objects, most verbs can take
objects cr their eqmvalent It is therefore necessary to distinguish the types of cbject and indirect

object that the verb may take.

3. The verb plays an important part in influencing the translation of certain connominals
(prepositions). There are several connominals whose translations change according to the verb

used..

4. The bifunctional or even multifunctional nature of some verbs calls for different classifi~

cations for the same word.

fa

* The symbol $-—meaﬁs “anything except....”
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5. The verbal subtags concerning Chinese and English grammatical functions must both be
retained in the linguistic processing for optimum phrase and sentence structure analysis. As the
linguistic research progresses, more tags may have to be added for further refinement of the

linguistic system.

3.4.1 Verbal Subtags

The verbals have 16 subtags, as shewn in Table 3-5. Tags 1 through 11 are Chinese gram-
matic tags, and are included in the dictionary entry for each verb. Tags 12 through 16 are English
grammatic tags, and are inserted through linguistic procesging by mzchine operatior.

Verbal Tag i. -This tag identifies the major grammatic verbal class (V). "

Verbal Tag 2. This tag identifies the verbal types, of which there are five: iransitive (T),
intransitive (I), transitive and intransitive (B), special (S), and verbs of adverbial quality (W),

Verbal Tag 3. This tag identifies the object ofthe verb. The object includes the material that

immediately follows the verb and/or that is grrammatically important to sentence structure. The
object might therefore include verbs and embedded sentences, When the object is in verb form, its

English esquivalent is usually in infinitive form.

Verbal Tag 4. This tag identifies the complement that follows the object. Because of its

position, a word that is ordinarily called an indirect object is considered for machine purposes to

be a complement.

Verbal 5. This tag is used to indicate a pretransitive, a type of connominal that functions as
an indicator of the object before the verb, such as{#, . An example is: % '3‘ TR LS AR (o 103
(please give him this book).

Tags 6 through 11 are called connominal tags. Several very common connominals change their
translation according to individual verbs. For example, Xj’ can be translated seven ways and \ﬂ
can be translated six ways, depending on the verb. Seven kinds of connominals are therefore in-

cluded so that the proper translation of the connominals can be indicated by the verb tags.

Verbal Tag 6. This tag is called the connominal-C tag. It deals with the connominal IC{ “j').

This connominal can be translated seven ways:

1. Translate as “to”: 3K, 2 ¢, 2%,(1 say to him)

2. Translate as “concerning”; 4%, “‘.":}E_‘H‘ :§ 7%' %Cj'\ ﬂﬁ*(he expresses agreement con-
cerning this matter)
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3. Translate as “in”; ’& 23 ALE& 34 Hr €1’ ‘fﬁﬁ @(I am interested very much in machine

.

translation)

B! 4. Translate as “with”: ¢f R 4712 4~ 44 4 2§ P2 &t (Incia takes this condition to com-
promise with Red China) -

3
Rae T Cavicioni R

5. Translate as “against”; % & +J 5 i‘i %{} (the U.S. declares war against Japan)

6. Translate as “from”: §§{ A% i’j‘ A&, 4 MR #T 44 44, (the Government collects income
tax from the people)

7. Translate as “at”: 3% 4] 2§ AR 48 (We shoot at the enemy).

Verbal Tag 7. This tag is ealled the connominai-D tag. It deals with the connominal ID

(\@). This connominal can be translated six ways, depending on the verb:

1. Translate as “to”; 1’*(: \:ﬂ (A %ﬁ *% (I explain to him)

2. Translate as “from”: 4% 8] % 45 —~ 4~1> (I borrow a book from him)
3. Translate as “against”: \\'ﬂ fﬁnfz# é ?X‘ (prepare war against Russia)

4. Translate as “toward”: {, 4] ] _j”. J‘,tijk (they walk toward the school) )
5. Translate as “at’: "g A~ %2_\’{”6 4] &3 '\’\%ﬂﬁlcapitalists roar at their subordinates)
6. Translate as “ with”:»’t\q ] e 95 ‘E’i@fﬁ‘?‘r’ﬁ" (I conciliate this matter with him).

Verbal Tag 8. This tag is called the connominal-X tag. It deals with the connominal IK (4«])

in the postverk position, and it can be translated in two ways:

1. Translate as “into™ 4€,F 1§ "Ké,‘h AP LK @ g(reconstruct China into Com-

munistic country) (

2. Translate as “as”: ”5‘5( 4"’3 A "‘&7'(—3/59. f’ib (we consider him as leader).

Verbal Tag 9. This tag is not at present used for Chinese grammatic information, but it is

retained for further linguistic development of verband connominal relationships.

Verbal Tag 10. This tag deals with connominals that have irreguist verbal forms. An N is
for connominal IN (AK), which is translated as “into.” An O is for connominal 10 (ff 4E %, 4,

which is translated as “as.” These are illustrated as follows:

1. IN translation in relation to verb: 3% f % (& 7&1 3 ’ﬁiﬂ}x ‘3(. :?- Vj’\ (Communist

Party organizes farmers into #voops)

2. 10 translation in relation to verb: % \¥] ¥ I5] 2 X 4€_k & HiEH R+ (us.

imperialists see Vietnam as colony),
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Verbal Tag i1. This tag concerns the use of connominals IA (ls] = 9, ¥K), which are
ordmerlly used as comuncttons but become conn.ominals when used with certam verns

Tags 12 througb 16 concern the Enghsh functmns of the verb, The Enghsb form i the verb
are produced durmg the lmgmstic Ioop operaﬁons i e., during machine one:ations and able lock-

up, which add to or refme the E'lglisn mgs during the passes that generai:e hnamstic Tuse iockup. _

Verbal Tag 12. Tius ta:g gives the main forms of the verb-—mam verb (V) and negative verb
(¥). C o -

. -
- A -

Verbal Tag 13 Thzs tag mdlcates person—-ftrst, second, or t«‘nrd-—ixﬁuuf.we form of the

verb (1), present participle form ( P), past parﬁmple form (D) and auzn_hary form (G).

Verbal Tag 14.

This tag indicates number—singular (S} or plural (P). .

Verbal Tag 15. This tag indicates tense—present (P), present perfect (E), past (A), past.
perfect (8), future (F), future perfect (U), or present progressive (R).

Verbal Ta.é 16. This tag indicates voice—active {A) or passive {Pj. As theli.nguistic analysis

progresses, more form indicators may be added. A separate section on the English output is in-
cluded in Appendix C. -

-Following is a discussion of the four ‘ypes of verbé sé far encountered.

3.4.2 Intransitives

There are four kinds of sn&uatzons n which we consuier the verb 5 be intransitive: .

3 e
1. Whena Chinese verbis used that truly takes 1o object, suchas i;_ (arrive)and A& %
(explode).

2. When a Chinese verb is used that is intransitive in the active voice, and whose English
equivalent must be in the passive voice. For example, the verb »&,i. would be “ be born” in
English.

3. In Chinese the ob~ect is mcluded in the verb, ‘While the Enalish equivalent is one word For
ezample the verb T éﬁ] is actually composed of verb and object in Chinese, while the Enghsh
equivalent is one word, “rain.” To save computer operation and lookup, T /*\ﬁ"g (rain heavily),
T o)y (rain lightly), and T R & (drizzle) are also considered as single unit words by the

. longest match. As computer operation becomes more sophisticated, the division of these words

for linguistlc refinement will be considered. Other examples include such words as ,%%- 34 (sow),
o5 A& (eat), £ L (vead), #_F& (walk), and fli? (work).
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__connominals. . : _ -

class of verbs is not followed by 2 pure nominal or noun phrase, an operation to scan for, noun

4, In Chinege the object included in the verb a.nd in F‘ng]ish the txa.nslation includes the
object Th.e reason for this classzfxcaﬁon is compu..r .fﬁciency, as mentioned above. Examples
of suchﬂords are:-ﬁ YN (hold me«e_ting),é'},‘ gé-(zead the way), and%'?ﬁ(prepare for war), -

\

' “On most occasmns, the. intra.asmve verh. does not take verdb subtags 3 through 11, However,
aometimes the intransitive verb may take verh subtags 6 through 11, which concern the usage of

T e o™ ~ " -~ - . . -~ - o~

$.4.3 Transitives

- - - - w

We have the following types of transitive verbs inl Chinese:

(O (7 43
a

RN BATAT ) :

i, Verb VTA——verbs that take only a pure nomirzél‘ or a noun phfase as object. If one of this

possibiﬁties' is initiated. Some examples of gﬁese verbs are: 4. 13'__ (reconsf:met) and 2. :;’;_
(change): e : : . - o .

-

s ‘3{ 4"] —?— g.ft %) {}Q (we shall reconstruct the. country)
e AL &2 3R TR AT ii ~(people should change their 1aeas)

N

A NUR

(X

2. . Verb VTBW—verbs that must take pure nominals as their object, which may be followed
by other objects. For machine purposes. the second object is considered to be complement
because of its position. Tacr 4 the complement tag, therefore shows aW. Some examples of

these verbs are: ‘.Q (give), 37 (send) - {mail), and *J A& (sentence):

y "ﬂw \ R
.

® "’f? %. 3 - 31 1z (postman has given h1m a letter)

° %X%it, »§~L (Imaﬂhim book) - o oo
% T $ 20 b o F { (judge sentences hun death nenalty).

3. Verb VTBI—verbs that must take pure nominais as their object, which may be followed by

a verb whose English equivalent is in infinitive form. Somie exarhpies of such verbs are: itj ',“

A R R

{impel), 58 5 (lééd), and {X; %&_ (represent): ' ' . :
® "' ; "‘” ,’i'..f {Communist Party impels students to leave school)

o ¥ !:] 55!.[(7; kﬁ% A& A A7 7 K. (Chinese Government leads people to resist Com-
munist Party)

o Yt £ iﬂ i A AR L 2 % Z—;ﬁ;%um represents people to oppose aggressive
poliey),
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4. Verh VT(I—verbe thit must take pure nominale as their object, which must be followed by
a verb whose English equivalent is in infinitive form. Some examples of these verbs zre:
4i (cav.us(-:‘),%'iQ (let}, and Jﬂ (use): N -

8 _;_\'__:%?'Z{}\%,"" %\(only will cause neopl‘> toawakel . . - .o oo T a s

-~

& Pty ¥ -t e

5. Verb VTD-verbs that Lay take pure naminals as their object or may be'follow:ed by a
" verb whose Envlh.h equivalent is in infinitive form. Some examples of suchk verbs are; S
4 é (prepare), vl )z" (begin), and _3\_’{3' (proceed): ;

- -
- - - .,

° 'ﬁ‘, 7w "F é’ 7 i }'\%ﬁgfﬁ‘ g ? (Viet Cong prepares to parhcmate in large scale ve,ar)

o % W T 4a A% (farmers begin 6 plan t rice)
» 2?5(, ‘«]3-._, 9} Ny T‘,}J (we proceed.anti-Communist movement).

6. Verb VTE—verbs that must be followed by a verb whose English equivalent is'in infiritive
form. Sorne examples of such verbs are. l:] (attempt) andsii\ (be determined): .

; "? o !Z:*] {K; f\.%] I (Chmese Communists attempt to invade Scutheast Asia)
¢ @’X, 477 3 ,\« I&,Lj’f' X "F (we are determined to complete this work).-

vy - St mnbren s e v
"

-y

7.. Verb VTr-—-verbs that can take either pure nominals or embedded sentences as their
object. Examples of these verbs are: }_ Eﬂ (prove) and j’ Bﬂ (declare):
° 4’1? §F oz 9?] . éﬂéj}( (the lawyer has proved his error) _ P
.aeiﬁf o 4e, 6 2 % B 67 (miis matter pr s tdea 15
2 2k, OF 4, &) 58 2 X_%& 63(This matier proves that his idea is wrong.)
e X 7 ﬂﬂ % QoL N, — R FEF 'é;,"l (Communist Party declares -
that it will complete 1866 production plans in the end of the month].

8. Verb VTG—verbs that must take embedded senterces as their object. Examples of these ] ,
verbs aré: g éx’% (declare), 5%, (sdy), and 3"‘} (be secretly glad): ' -

e ¥TA T ’fé’ H’?‘ Jl*it.»"ffw‘&%](Chin;ese Communists declare that they will attack Vietnam)

o )f] :9,- * @ %’i:,g&: 4] 1%/:""'521 }] i Ji.aﬁ /ﬁ, 'ﬁ] @ ﬂ& .3 (Comrade Chou En-lai

says, ~we shali exert all strength to help Vietnamese compatriots”) f

s 25(, iy 5}4 "{"f ak, "’% 17%32' )SQ"& J (we.are secretly glad that this matter will

succeed).
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At present, we elas&‘.fy the fwo special verbsz,{(h‘ivn) and 3"5’} (9Q11) as VS1 and VSZ re-
sbectively. Agide from its regular function as copula (the verb “£5 be”), ﬁ_ which is used .
_mw.iy for. emphaszs and is untranslatanle very often goes freely either before or a.ter the main

]

verb, -3 is frequently uséd 16 introduce 2 "elatzve clause. o _

«

Tae verb% functions in different ways, dependmg on the position it takes in a given sentence.

-~ -~ -~

1. Immeaxately pret:eded by N or NP, ij is translated as part of the verb “$o have”s

II

Q.

R 4&5"‘?\1‘ (he has z book) - a .
o ¥ L{J Ajg,‘é - ’é f\égﬁg%(cmtiege people have a great leader). o

O A 30 AT o L B T Ty A LE N A L35 LT VSO Y R 4 AT T ST

B _—
" ;

2, Immadiately preceded by IP (conneminal phrase), by LP (collocative phrase) by a com-
- . ma, or by a period, ‘ﬁ is translated as “there is (are},” and sometimes a “that” is in-
serted before the next verb, if any:

e After LP: i d @ f%,lﬁ ﬁ 2 _,’z ﬂ’ @ (there are many races in the territory of China)

o After IP: X 02 4~ l:’j % AL s E__‘ (concerning this problem there are various
kinds of opinions}

e After a comma or a period: % % 4 A E X BE i7%_ (there are many people [that]

like swimming],

” o

3. % functions as an an adjective maker when it forms with a “discontinuent” structure, i.e.,

% . 421 with an idea noun inserted between:
. had ) . «3’
. 7% 4% # 69 & 7)) (orderly movement)

. @ % 2,49 %%‘ {brave youth),

.. 3.4.5 VW—Verbs of Adverbial Quality

!t

There is a group of Chinese words oiten used to exptéés the state of the verbs immediately '
p.recedtﬁg them. ‘Words of this group also serve very conveniently as verbal indicators. Gram-
matically, their function resembles that of adverkials. Howei'er, there is a grammatic gap be-

tween these Chinese words and their English equivalents. In Chinese they are adverbials, but

in the sequence 34 %+ %, is an adverbial modifying the verb §44_ (do). The correct translation of
the phrase is “ be unable to finish doing.” {*Be unable to finish” is chosen for /5 7, instead of

their English eguivalents are verbs followed by a participle or by an infinitive., For example, N z

s

N 7.,«1-4:
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o cannot ﬁnish” because “can” ~annot have the future tenge form ’f%’i—%bﬁ .{_,, ““shall b2 un :
able to ﬁmsh doing ) Other examples of such Chinese words and their Enghsh translatmn are:

| 1 /@irﬁuf)(succeedmdomg)' L o L - | - N
| T ;’L'f * (wntmue'doing) . L e | o - e
M s R (e abletod_q).-_ ' : SR

i,

Both classification and ungmstu* rules are used to brm,, about the shift of grammatlc classes

-

- - - - - ~ -

§ k- - -~ in'the simplest way for themachme. ' _ T . 3 . ]

]

N e g v
’ oy ot
. N

. ~ L These Chiese words ate classified as VW instead of as ADXXXX because éixteen tag énaces " .

. are needed for the shft to verbal. Tag 3 is used to md:cace the eorrect English verb form of the

i g ‘ Engash equlvalert of the Chmese verb preceding VW in the Chinese word sequence. This is ;
decided by looking at the English translahon of the VW and the English usage. The other tags, 4

' throu,,h 16, are left blank. T )

> v

P . When a VW is preceded by a verbal in context, a linguistic rule will cause these words to

‘
&
[}
T L
'

reorder, causing the VW to precede the verbal. Thus, the two words are rearranged according to
the Eaglicsh word order. Tag 3 of the VW is scanned to find the indicator of the correct form for

e I L T ey

the verbal, and a proper indicator is accordingly moved intc the verbal tag 13. Grammatically,

. ) the verbal is still the main verb; the Chinese tags of the verbal tags 2 {o 11 are therefore moved

Wl
———

into the second to eleventh position of the VW, and the verbal is ignored. The English equivalent :

>
T

> ) of the VW will have the proper cenjugation, tense, and voice when it comes to the pase in which

subject and verb are found and connected. An example of a linguistic rule is:

R ® VEKEKXKKKXK---co1 + VW3-nommnremmncy o VWemmmmmmmmmmmmy 4 VXKKKKXKKKK e ey

' | - VW3-Commem oo e ) + VXXX XXKKK - P =

- VEXXXK XX KKK == mmg ' '
+ VXXX XKXKK P~

- Sy

- e

Ly

B _ Some of these words are regular verbals when they are preceded by nommals or verbzl m- ‘ ) .

chcators such as E, G, or AD, For example: . i i j

] 1, K&ﬁx(;’ﬁ 3 (he has succeeded)
2, X 4!”“% $7] 5‘%5“] (we have obtained victory).

In such cases, another sei of regular tags is made in the dictionary entry with its proper trans-

ey

lation. When the above situations’ arise in context, a linguisiic rule will cause the machine to

choose the proper set of verbal tags and translate accordingly.

we T - L . LR

——— - e — - —— — n T - Tt P IED IO,
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Arlthmates (see Tab‘le 3-5’3 are" worda that are comm‘mlv known as demonstraﬁves. This
class has two tags tag 1 indicates the major elass (R), and g 2 lndicatvsa the. numbe*—ofs,ingulai
(S} or plaral {P} "xamples of arithmates include: i ‘i (this), s( yb {these), ﬂf‘ (thav) ﬁj"t'
(some) «'s’h (some) and %‘ (various) In the relationship betwsen arith_mates and nouns (3yno-
nomes) the arithmate eha.nges the pumker tag of those classes. For exampie:

Tee
et

¥

it

.:,ii,’f—f‘_."i\_.; Lthese sma_ll'mag‘.ters)
2. i AL (thatpersen) -
‘3, ﬁf* ﬁ’ﬁiﬁﬂ {that type of plant).

3.6 SYNONGMES -
Synonomes (see Table 3-6) are words that are commonly known as classifiers. This class has
two tags: tagl indicates the major class (3), and tag 2 mchcates the translatability of a word ('

or U). Some examples of translatable synonomes are:

1, ﬂi (class). - '
2. #5 (cup)

3. 3. (batch)

4. 54§ (ton).

Some examples of untranslatable synonomes are:

-~

4. 55

'Synonomes include measurement words such as A_ (foot), #Z_ (mou), and FT {catty).

After the processing of rules, tag 2 will change to indicate the smgular (S) or plural (P) form
' Iof the English

3.7 NUMERALS -

" Numerals {see Tabla 3-65.are number words that have two tags: tag 1 indicateg the major
_class- (U), and iag 2 indicates the singular {S) or plurai (P) form. Some exzamples of numerals are:

1 -~ {one)
2. = (two)




sy‘l“‘

T, 2le ‘\‘\}
e PETA

,_Mb (hundred mﬁﬁo;t) |
8, ‘§73' (miliion) '
-9. ,‘% (zero).

After the processing of rule.,, the Engash tags can become one of the following five forms
Arab:c {UA), irregular (UI) UT in relatmn with O, UQ in relatlon with OG, and’ OH. Iﬂuc'tra-
‘Hons of how these are converteu to Enghsh‘ grammatic tags are.as s folléws:

‘1. UP+ UP+ UP+ UP VA + UA + UA + UA (5,432)
f OH; (5) + UD, 4 UPy - UL, + Qs ‘thirty-svtth—-% 2 Ik
3. UP+ UP (%)~ UT + UI (twenty thousand—=. 7).

‘These varicus English forms are necessary because the chanve from Chinese te English numbers
ic not uniform in each case. A further study of this will be made so that all nossible numboer
combinations in Chinese will be correcily tran_slated,

3.8 CONJUNCTIONS

At present, conjunéﬁons (see Table 3-6) have only two tags: tag 1 ideniifies the major clags
(3), and tag 2 indicates equal conju.nction (C). Examples of conjunctions that have been analyzed

are;
~&,

I’.

1. A2 {and)

5% tor)
3. 17} (and).

3.8 AUXILIARIES

Auxiliary verbg {see Table 3-6) include such words 2s j‘r‘! HEA 7 (must) and s, e 38
(should), In the ﬁrocessing of rules during the verb phrase making phase, the auxiliaries wiil
help determine the verb and its proper form. At present, tag 2 serves to identify the particular
group of auxiliary verbs, It is expected that the auxiliaries will be conjugated in futurel work.

3.10 CON-ADJECTIVAL-ADVERBIALS

'Iﬁ’e;'e are a few words waose functions are uaique. It is not convenient to include them in or '

P hands mwvgﬁ-« Vommay
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ovgainze them inb lmgu)_sﬁc classes. T’:sramre, -class Mi‘:h an iniﬁai i:ag“’();w the cbneadjéét'ivél-

AN
1

R

. ‘adverbzai LIQ.SS, is created ‘foir these wo”ds (sce Table 3-6). Each wom with the jfitial O tag has
an aip‘iabet Ietter as the seco:«d tag, so thn: mStead of helng referred to by Chxt‘c«de, which compli- ? .\'-“-.
ca‘es the machino operé;:lon, these vrords are z'eferred to by unique tag words All these words ' % {
.have speciﬁc rules to go. wit’h them. As r.he mtguwﬁc analysis continues, this class is e@euted to ) o % B
 increase. ‘ N ?’

3.10.1 OA(fg,_)

Since #4, is used much more as an adverbial marker than as 2 noun in pohtical texis, rt is
mporamly cisssified 25 OA. When this word is used as a noun in words Sich as F 3¢, (level
lan_d), ‘%} )ﬁ ﬂ.’_a(plateau), and 23} f? # (farming land), ‘the longest match method is used to enter

the words as one dictionary entry. In the 7pre-sent linguistic analysis, OA is considered to be an

adverhiat marker. Some examples of rules concerning this word are:
1, AJXXEX; + OAp; -~ ADXVEX,
2. AXXXXE; + OA, - ADXIHXXK; -

For example:

1. PR S (happily)
2. ¥ & 4.4 2. (indomitably).

When we progress to the study of scient_ific texts, this word will be considered as an N/C
ambiguity.

T B S L& i S S B RS R S RS

2.10.2 OB (4%)

Word OB overlaps with the GX class. When if is preceded by a pure ncun and followed by a
verb or verb ambiguity, it is considered to be a GX. I it is preceded by a verb or verb ainbiguity
and foilowed by an A and a KXX, it is considered to be an adverbial marker. Rules and examples

~ congerning this word are:

1Ny + OB/GEy + V/Ny » Ny + Gy + Ve % 7] 48 1 4E (we must work)
2. V/Ny+ OB/GX, + AXKKXX; + KXX - Vy + ADXOCK + Kxx: TR 1F 1518 +] (work
very smoothly).

, ?
‘Words sich as (% ?«',! {obtain), 1'5 7'}; (gain and Ioss) and %g 3& offend) are considered as

longest matches.

e ‘.. P
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‘ A\T{x.s word is constdered'to be a_n adzectlval marker. When it precedes any noun, 1t makes the i
_ wholé Qhrase adjectivar The whole phraae is masked and a. regldar ad;ectival tag word is genora- :,
N I3
e tedior Iingustlc operatmns. A rule concerning thxs wcrd xs- S . .
RER .ec,+N}cmmwoci+ N}G\'}QQQQQ{2+ AIX00X e T T Lo iy
) For example: i
. 1. i&/\f’?ﬂ. (anti«peaple P _'- o T
2 m,/\fk X.. \ana-Commumst parfy)
3.404 om}::’&a,ﬁ) . . -
Thpre is a group of words whose members are all translated as “time” and function as .
constztuents _of adverbial phrases when preceded by numerals. These words are classified as OD. :
In one of the lmgmstlc passes, when OD is greceded by a numeral, both the numeral and the OD _ :
are masked _and a new adverbial tag word is generated for linguistic operations. An example of a
S {
RN rule gene atea is: {
e UP; + OD; - UP; + OP; + ADRIOX
: For example: - : f
1. 2 3R, (three times) |
2. =12} (one time).
3.10.5 OE {AX)
This word overlaps with the connominal class in linguistic classification. When it is pre- ‘
ceded bv anythmg cther than a numeral, it is considered to be in the connominsl class. An ex- (
}
ample of an ambiguity rule is: ' f
o $TX + OE/IXKXX - $UK + XXX i
o When OF is preceded by a numeral, it causes the numeral o take the UT form; both words .
are masked and a réguiar adverbial tag word is generated. An example of a rule is:
s UP; + OE/IXXXX, ~ UT, + CEZ + ADRIOX
For -exaniple: oL ’
/ \}%(‘ (zighty percent).
i %%Et: ! !
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3,,10.6 OE (Epz) R S ' 3
“Whpn this wcrd mcurs, ‘l‘h? rmmeral fonowing it will be moved into the iront positicn. If the

resulhmr phrase precedes an IIM ora nominal, “o " is added and a regular adjectival tag word is

M=

(3
«

ST

¥
(]

T

generated' for Iipguistic purposos. it precedes a phrasa indicator (K) or a verb or verb phrase

v,
g

e . A _3,¢ve Thisl tag word is generated for the purpose. Examples of rules arer . -

1. OFi’f UP2+ HIVLg-«UIz'P 0F1+ of + AJRm
2. OFy+ UP, + Kxxa-xmﬁ OF + ADRIOX + KX¥,

, For example:

“d iy

,
SRRV ETI o ST ST e e TR S AT I,

® 'é"z:t‘“‘i;’rﬁ (thirty percent). : S . )

.
LA,

3.10.7 OG (-3

When this word is preceded and followed by numer'lls the first numeral takes the UG form

» .and the second takes the UI form. The order is then changed. An example of 2 rule is:

’ ‘ e U9+ GGy + UPs~ Ul + UQy

’ . For exar'nple.: |

;':; ‘;_ ' . o 3% = (two fifth),

~ It is regretted that “fifth” (U_Q) is not pluralized. It is hoped that this will be corrected after more

operations and rules relevant to this situation are added. At ‘present, there is nc pluralized entry
or table of UQ forms. '

= 3.10.8 OH (5)

’ -"-_= The numeral following this word takes UQ forir. An adjectival tag word is generated if it
— precedes an HM or a iwminal. An adverbial tag word is generaied if it precedes a phrase indi-

 c cator (K) or verb or verb phrase. An example of a rule is:

o OH; 4+ UX2+HM3-!.EZ1+ AJRXXX + HM,

For example:

@ % ~— (second),

3.11 PUNCTUATION

T R S A O L T e BN S SRR RS G

Punctuation marks (see Table 3-6; play an important part in determining the end of a struc-
mre, whether it: be a phrase, a sentence, a series of woxds ete. Some punctuation marks generate




rules to indicate phrase segmenﬁtion. Tag 1 indicates the major class (P) and tag 2 indicates the
particular punciuation mark. For example;

3-36.

L T S A

1. PC(;) - KCI+ PC + KCT _
2. PP()~KPT+ PP+ KPI 3
3. PE (1)~ KPT+ PP+ KPI
'The following gives the general .nvestigatwn of punctuation marks:

s e

1, !, ?—terminal markcze

f-ddicating end of sentence

2, “ »”—for titles, rem :rks, idioms, guotations
3. < > -=for book titles

4, ()—for additional clarifications of a previous phrase or clause; additions

. «.—3$0r passages omitted

5
6. :—for beginning of remark or statement

%. ,—for five functions:

e Separatiag adverb independent or adverbial phrases: X §, 4% 4°7 4 28, T 16
v :
» Separating clauses: % ¢%) % 4} rb ¥ 43, A 89 % ¥ ik £

are comparatively better, some conditions are very poor)

e Separating noun phrase or clause from main verb: A ATAA o A ”\#L 1F
CESR RS IR F & Y

cultural technique reform, have resulted in this kind of basic experience) o

e Seperating main clause from phrases: g 3¢ 34 & FL ¥ i~ 38 ﬁ Ji &é NGES)
1,‘ﬂL T\ ‘2_ " "»‘L% (reform of agricultural teckniques must have clear aim, de-
sirinz economic effect)

o Separating a series of verb-object phraszs: 3% 1) ALK, f‘L J... 8 92, K453
. ¥ PR R 58 A P Y LB .05 i) s(people of our country have raised ...

flag, have developed ... spirit, have won over ... disaster ... and economic difficulty)

(among these, we have discovered many errors)

(some conditions

(we from realization of work of agri-

8. ¥~ for indicating seriesf

¢ Can take the place of “and” between two series: ’i.ﬁ'—-& ’H‘ ﬁ 35‘1'

materials, materiale)

e Amongseries of three or more: /|t FR 4844, % 3 F L F e b 4§ (wheat, oat,
cotton ete. important products (HM) preduction -~ production of importznt products of wheat, » '
oat, cotton, etc.) :

(important raw

Y

e — ————
-, ~u-\>, vq oy ¥ - ? _, ',- o i
,.ﬂu .7'! 5‘-/“ "i & ;,,; L. ,‘,z;
P 5 . IRpPA Rt
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B 1. .~

8. ;—Sometimes used in place of comma.
3.12 SPECIAL WORDS—H CLASS

A special word class {sce Table 3-6) was created for those words that do not belong to any
specifie functiozal word class but are nevertheless grammatically important. Tag 1 identifies the
major class (H) and tag 2 identifies the specific word.

&% is given the tags HM. This word has been discussed in many papers, notably in great
detail by the University of California.’ HM functions as an important syntactic marker for the
various forms of roun phrases we have analyzed.

4’} is given the tags HN. This word serves tc pluralize NH and NM nominals. A linguistic
rule i3 gzaerated in the linguistic processing operation:

o NMEXXXZXEX; + HNp - NMXPXXXXXX,
2_ is given the tags HZ. This word has functions similar to those of 8.

7 3.13 CONNOMINALS

The words that introduce adverbial phrases. but seldom need adverbial phrase ending words
are classified as connominals (see Tabie 3-7).

5 3.13.1 Connominal Position Tags

The connominal class has five position tags, as follows.
i
Connominal Tag 1. An I in the tag 1 position is used to distinguish this class from other,

classes.

e

| . Connominal Tag 2. The tag 2 pusition is used for alphabets so that :ach group of similar
B connominals can be easily referred (o without looking up Chicodes, and thus without extra machine

operation.

.Connominal Tag 3. The tag 3 position is used to indicate whether special lockup for certain
words is to be made to decide the correct translation for a connominal that has more than one
English equivalent. The letter R is used for regular connominals, which have only one transiation
or whose transiations can be decided by linguistic rules. The letter Iis an indicator for those

comominals whose correct translation requires looking into the verb tags. An A is used 261: con-
i nominals whose transiation is found after a lool’nip for gspecial adjectives. The letter C, indicating
that a comparative structure is involved, is for connominals,

. prr—p M SIS S T Y Sl —— e e eV Ry St e YUY S P N R T Ty
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Connominal Tag 4. This is a position tag that indicates the relative position of the connominal
to the word concerned, so that the correct sot of tags of another class can be cunsulted to find the

A e
S O !
(TN :nwvam, SO0
P v . '
P 3. - . .
. . .’ o

correct equivalent.

L g

Connominal Tag 5. This tag is ased to indicate the major structure of the phrase following the
connbminal ‘involved, The letter N stands for the noun phrase; the phrase following the connominzl
is usually a noun phrase. The letter V indicates that the phr.ase following can be either a noun
phrase or a verb with its object. This tag is useful in locating relative élauseé.

R e b TR S SO PP

3.13.2 Connominal Tag Words

Since there is great difficulty in deciding the correct translation and the correct function of ,
the group of words we call connominals, the following is only part of this group, concerning which 5
some analysis has been made, The analysis is by no means complete. 1t is hoped that the list and
the information tags will be increased in the near future.

JAAAN (l;‘-l 3 , %<2 ,5 ). This set of connorainal tag words is used for the irregular tags of
the four Chinese words indicated. The reguiarfu.ictionis conjunctional. Three irregular transiations
have been found: . - -

H

] - EEEs . .

o 1. Translated as “with”: 4% 7] {4 —£L (1 am together with him)

‘- - 2. Translated as “as”™  y3 A~5 fP/-—¢% (this is same as that) ' P
B 3. Translated as “from”™: iz_A~-3 4P 4~ 417] (this is different from that). ‘

IBRRN (fj{, 1X,). Since these two words are usually followed by another verb that seems to
carry more grammatical importance and more mearing, they are classified as connominals in-
troducing adverbial phrases instead of as VTBI verbals, which are followed by an object and an

infinitive complement. The approximate English translatior found is “for”:

: L 4‘{ ¥ 4, 48.25> (1 am concerned for him)
2. ’ﬂ( 4K 15 ,,3; ,%\ (he will bring for you).

ICIRN (ﬂfh._ Since this word is used in many different ways, much study of it has been done.
It has bzen decided that the best way to handle its many translations is to include the information
in the verb tags, since it changes its translation according to different verbals (see Section 3.4).
It is one of the connominais ﬁhat is included in the following structure causing resrdering and

insertion of words:

-

e Ny + IC, 4 Ng+ HM, + N; - Ng (possessive) + N5 + of + N3 ~

. N
-

o

. Ut .

1 . o, -

v -

.
. -
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Some &xamples are:

- L% mE 9 25 ‘% (vis study of history)
i~ B 2. 4% s$ 46348, (my optnton of him)-

DIRN _q’ﬂL We have also found that the translation of this word varies with the verbal. This
information is also included in the verbal tags ‘see Section 3.4). In the conditions when it is fol-
lowed by a collocative terminal or when the seventh tag of the iollowing verbal tag wezd contains
a zero, it is considered to be a collccative. For exampie:

o 4P} H) TE 4% (they move toward the soutt.

IERBN (%5"). Besides being 2 VTBW verbal, this word is also considered to be a connomi-
nal. When it is preceded by a VTBW verb, it is a connominal introducing the indirect object and
tranalated as “to.” When it precedes a transitive verb, it is translated in two ways: (1) as “for”

if the transitive verb is followed by an cbject, and (8) as “by” if the transitive is not followed by
an object. In the latter case, the transitive verb will be changed into the passive voice form. For

example:

[ 1. Translates as “to”: 9% 5 85716, —41> (1 lend to him a book)

2. Translated as “for”:s2_{# $ 4 )% k'j — 35 {F] s{4. (this matter has brought
~ some difficulties for zs)

3. Transiated as by 32 A~ ,?,’\<"7 » %ﬁ‘fq jf(tlus thing kas been found by him).

IFRRN (lfﬁ,'kf ). When‘?{(TNl 1) is followed immediately by a nominal, its function is the
same as that of §¢,(HJ11). The sole funct:on of this ciass of connominals is tne move of the direct
object before the transitive verb. They are 21so called pretransitives. Sometimes 9}3’ (YN11) and
v&] (VA11) also have the same function. In such cases, the function is indicated in the verbal tag

word. Some examples of members of the above class are:

N .
DRNPR

- . 1 4L HE A T (ne has forgotten this matter)
[ 2 : 2, & Y%L_.'\’i' %% T (ne has lost this thing).

IGRIN (d’? ). At present, tus word is translated as concerning,” but more study is ex-
pected to be done on it. An example is:

0 xﬁ &ii)f%‘:,{b ',g\ﬁ i 3‘(.%' i{comerning this matter, he has not declared opinion).

HRIN ({38, 3% I %, . & £, %,). This group is translated as “according to.” Both IG
and IH can introduce phrases that end with a member of the collocative tarminal F class In such

cages, the collocative terminal overrides the connominal.

3-39
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TIRRN (7). This word also overlaps with the collocative class. Whenitis followed by ani~-
raate nomingals (human colleci:ive, pronominzl, ete.) it functiens as connominal and s translated ‘
as “by”; if the following transitive verh does nct kave an object after it, the transitive is changed
$nto passive voice. If the transitive verb has an object following, then it is translated 2s “let” and
a set of its irregvlar tage as VIBU is taken. Otherwise, it is considered to be 2 collccative <an‘d

translated as “from.” For example:
1. Translated as “by™: .&3_,{1)-; & {471 2L 72 (this matter is managed by them)

2. Trapslated as “let”: BN b A A A }ﬁi{.&,ﬂ'? (we decide that we let them
manage this matter).

1JRIV (? ﬁ' ). This word can be followed either by a clause or by a nominal phrase. When
it is followed by a clause it is considered to function as a conjunction introducing an adverbial
clause. 'Because of lack of time, it is classified as ADRIOT when it functions as an adverbial
clause introducer., When it is followed by a nominal phrase, it is a connocminal and is translated

oy
o S gy

as “because of.”

IKIBV (_‘}_«2). The frainglation of this connominal depends on its relative position and on the
information carried in the verbal tags. When it precedes the verb, it is translated as “for.” In

~sucha position it can introduce a nominal phrase or a phrase made of a verhal and its object. In
the latter case, the verbal is changed into the present participle forma. When it is preceded by a
verbal, it is trenslated in two ways. This is indicated in the eighth tag of the verbal tag word.

Sonie examples are: -
i, Translated as “for™: 'ﬁi ﬁ”}%_)*ﬁ %f,g (we are happy for you); ® 3% 43 ﬁ &.Jﬂﬁff @i
y &7, ijé HhAR(we support Vietnamese people for resisting imperialism)

3. Translated as “into” {7, 4] £ B} 40 ¢+ E] & #) #. &k, #&  (they intend to change China
into colony)

3. Translated as “as”™: 4% 47J P)Jb?g')&‘ A3 93’3 4% (we consider this as our duty)-

ILRRV @ j ). This word always precedes the verbal to which it is attributive, It may in-
troduce a nominal phrase or 2 phrase made of a verbal and its object. The verbal is changed into

the present participle form. The connominal is also translated as “ for.”

INRPN (ﬁk,mand 1ORPN (#4.4E ,4EA). Tag 10 of the preceding verbal shows whether
these two groups of wo;'ds are connominals or verbs. If the tenth tag contains an N, M is

3-40
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considered to be s connominal and is translated as “into.” ¥ the tenth tag contains an O, IO is
considered to be 2 connominal and translated as “as.” For example:

1. 4 113¢.F % ¥ &% 3% 9 (they change wilderness into rice fields)
2. 3%, 4\]}5- %&H{Lig {we elect him as chairman).

QRN {'&%‘l g’ ; j‘! 2 z ). Any phrase that follows this group of connominals is con-

sidered to be an adverbizl phrase and is masked in the hnguistic process. Both words are trans-
lated as “especially’”

1. 3% %] 731 %¥ F o' (especially this kind of product)
2. 45 3\{'&; T @ (especially in China).

This is the oaly group of conrominals that can be followed by any pkrase other than a nominal.

IRCAN (kk, th i}i). When t&, 3% (1311 DK15) precedes a nominal phrase, it is considered
to be a connominal instead of ADCROU. TLis group of connominals ie a comparative structure
indicator. Due to the lack of time, comparative sentence structure has not yet been analyzed. 'The
future uses cf this class have, however, been ¢stablished. Aside from introducing an adverbial
piirase, this class of cozncminalg also causes the attribwtive, if there is one, to take the compara-
tive form of the English equivalent.

ISAIN (ii,/kq,#a 13\,1. 4. The first three connominals of this class are some-

times related to special adjectives such as— 4¥ and K] 4§ . The fifh tag of the special adjectives
indicates the correct translation. When these connominals are not followed by a special adjective,

tIiEy function in the same way as the remainder of this group and are transiaied as “such as,”
introducing a grammatically independent adverbial phrase. For example:

1, 3%, A= 42— 3‘#’%&(}2 F (1 like apples same as him)
2. % f:ﬁ.'k:!k)‘:n et ,if ":_{-, (some agricultural products, such as pigs, sheep, etc.).

ITRRN (}*A ). When this word appears in context, a processing tag will immediately search
for IK (7‘-3 ). I IK is found, this word is considered to be a verb. If IK is not found, it is con-
sidered to a connominal and translated as “with.” For example:

o 3% o 3 WA ‘5} .44 iﬂ&@\ﬁ(we should tackle this situation with courage).

IUCAN (Eﬂ,ﬁ,_iﬁ(h This group is the negative of the IR group. It al3o indicates tiie com-~
parative sentence structure pattern. For example: '

1. 4 3818 sAv ‘fk(l do not zun as fast as he)




2 5& ’4\ ZL 'ff‘\ (1 am not a5 fast as he).

IVAAN ( %) This word momes connominal if it precedes either of the two speciaf adjec-

tivesi%_ andiXs or a synonome phrase. It has two translations, and the {ifth tags of these two °

adiectives indicate which of the forms to take. For example:

1. Translated as “to”: 4% %% 4 #¢, 1% 38 (my home is very near to the base)

I Nl

2. Translated as “from”:{Z_3®,% %X 0 ¢ f~4R % (this place ie very far from civilized
world); ¥t isé&\% L3b# =¥ (this base is five miles from Taipei).

3.14 CONVERBALS )

Converbals play an 1mportanf part in the analysis because, aside from solving verb ambigui-
ties, they help to indicate the time and aspect of Chinese verbs, which have no inflection. Con-
verbals also incjude indicators of negatives, present participles, indicators of passive voice, ctc.

The converbal class takes four tags, as shown in Table 3-86. Tag 1 indicates the major class
(E). Tag 2 indicates the types of converbals, such as tense indicators {T), negatives (N), present
participle (P), passive voice indicators (A), and relative clauze indicators (R). Tag 3 refers to
tense indicators—initial (I) and terminal{T)—which designate whether the tense indicators go
. before or after the verb. Tag 3 indicates the tense for the negatives—present (P) and perfect (E).
Tag 4%35&115 % refers only to tense indicators, and gives the tense~-future (F), present pro-
gressive (R), and perfect {E).

Some examples of converbals are:

1. Tense and aspect indicators— ‘}%:ﬁ. ¢, 22 (initial), 3, 33_ T Germinal)
2. Negatives— }-, ;gﬁ

3. Present participle— ;%

4. Passive voice indicator— #K_

5. Relative clavse indicator— ¥#f{ .

3.15 COLLOCATIVES

o

The words concerning positions, time, and direction, which involve a discontirious structure
or introduce an adverbial phrase or clause, arc classified as cwilccatives. As shown in Table 3-9,
the collocatives are divided into two catagories according to their position relative to the phrase

they enclose.
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8.15.1 Collocative Hnitial (L)

Words that indicate the beginning of a collocative siructure are classified as collocative
initial (L)), Some ensmples cf such words nre: £k ,AA ,] , and;& . Words such asfisJ, & AL,
%, and¥y ;i, which introduce adverbial phrases, sometimes ending with a collocative word, are
also included in this category. ' |

3.15.2 Collgeative Terminal (LT)

Collocatives that are at the end of a collocative structure are classified as collocative termi-
nals (LT), Examples of such words are: £ ,T, andZ_18) . Words that shown direction and posi-
ticn, such assf)'ﬁ andﬂ%fb, and idiomatic expressioas such as@iﬁ', ﬁ é’., andm, which may
be the end of a phrase beginning with a connominal such as .g;) orﬁk.ﬁ , or with a coliocative,

AA or Zx_, are also inciuded in this class.

3.15.3- Collocative Rules

To find th’e: English equivalent for a collocative discontinucus structure, the coilocative initial
and the conocaﬁve terminal wust be fc;und and compared. For example,& ... £.is translated as
“on ...,” and &, ﬁ] # is translated 9s “to the south of ....” The collocative terminais and col-
locative initials are therefore further divided into various subclasses. Rules are made so that a
certain class of collocative initial preceding a certain type of collocative terminal takes one of
its two English forms, and vice versa. Some examples of the collocative rules are:

1. ml + sse + LTAz -> LI11 + LTzz 4+ coes

2. ng + eee + LTAz - le + ssoe

Each collccative terminal has an adverbial form. When a collocative terminal is immediately
preceded by ﬁ. (LID), it takes the adverbial form and LID is deleted. The rule generated is:

e LID; + LTR; - ADRVOT,

For example:

1, &%) 7 (in the south)
2, Ak \i? {above).

When a collocative terminal i3 immediately preceded by any LI except LID, it takes the nominal
form ‘and the LI takes the regular form. ‘

A rule. genercted is:
;IJX: + LTXz g Lﬁ; + ND3S/0N00003
3-43




Ifaconceaﬁvetermmal is not préceded by a.phrase or by a phrase ani a collocative initial,
if'fiké_é:-tl}é ad;ectival form. Somie examples of the rules generated are:

1, KXX;+ LTXy+ HM; - KXX; + AXKKXX, + HM;g

3. KXX; + LTX, + KXX; ~ KXX; + ADKXXY, + KXX;

s

For-example:

1, &% ¥ AL (geople tithe South)
2. e W4T X t&  (troops behind).

The collocative initial therefore has two forms in the dictionary entry: LIl (zero) form and
LI2 form. The collocative terminal has four English forms: LT1 form, used when the preceding
collocative.initiai takes. LI1 form; LT2 form, used when the collocative initial takes LI2 form; the

N
noun form; and the A form (adjectival-adverbial form).

¢
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4, SYNTACTICAL ANALYSIS

The relationship between morphology and synwx_ and its problems-and resclutions was ana-
lyzed in this course of atudy. This section includes discus3ions of noun parases, verb phrases,
collocative structures, connominal phrases, and noun pbjase-relétive ciauses. In each analysis,
the types of structure and their definitions are given, and the problems embodied in the syntzctical
anaiysis of the grammatic function of these structures are defined. The feasibility of the lirguistic
rules for application in marchine tzanslation is defined and iHustrated through exampl2s. Reso-
iutions of the various problems of syntactical linguistic analysis are alsc discussed in this section.

Linking the verb to its subject in sentences is also discussed, and illustrations are given for
the processing of this type of operation. To further enhance the details of this repert, two sen-
tencee (Sezction 4.7), illustrated in art form, show the step by step linguistic precessing.

All examples and illustrations given in this section are taken from the text material of
“Hong Qi” magazines.!

4.1 NOUN PHRASES

A careful study of noun phrase structures and of their relationship to other phrases and struc-
tures at the sentence level has been made. In this study, the elements of the noun phrases were.
considered so that the proper recognition process for such phrases might be determined. In the
investigation of all the possible combinations of noun phrasgg, it has been discovered that certain
rules must be parsed before the search of the general table is made for noun phrases. Noun
phrases have therefore been grouped into five categories, looked up sequentially. Over 150 noun
phrase rules, which with programming will cover most of the éossible noun phrase situations, have
been established. )

Briefly, the common types of noun phrases are as follows:

1. Noun phrases that reqﬁire no reordering and include two nouns in suceessfon or a noun
with preceding modifiers (numerals, arithmates, synonomes, adjectives, etc.) For example:

4-1

2,
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SLToar vt T T
O, el

e SREILT : ' ;‘5-4‘ .‘: » ‘{ ‘4:' \‘ f | B _ | ”
PRl e Nl %lﬂ 7 IR (American peopie)

o AT+ M+ N: & 84 T (peautitul girl)
eU+ S+ AJ+ HM+ N: — /s‘ aﬁ.’/“ \3'] lﬂ %L (a progressive country).
. L R N

2. Noun phrases that require some reordering and addition of English words or involve more

than one noun. For example:
‘ &‘ » o8,
e AP+ HM4+ N-HM+ AP: /i [ﬁ' 9 /ffl_,’ﬁ- (machine in sets)
o N, + HM+ N = N, + of + Ny ¥ [E] 9% 3 (prosperify of China)
oeN+JC+ NN+ JC+ N: ‘% ‘ﬂ'l‘ﬁz% E."J (China and U.8:)
eR+U+S+A+ HM+ N=R+ U+ S+ of+ N33 Z #F B B 69455 (these three

kinds of massive machinery).

3. Noun phrases that include in the structure a collocative phrase (LP), i.e., noun phrase

collocatives. For example:
e LP+ HM + N - NP;: &+ iﬂ ) AR, (people in China).

The noun phrase collocative structure will be discussed in Section 4.3.

4. Noun phrases that include in the structure a connominal phrase (IP), i.e., noun phrase

connominals. For example:
; . ‘X s 2 “ ) .’;,
e N+IC+ N+ HM+ N~ NPI: ?%(. )‘ﬂ Z:j’ Ha "F‘ ":J *",,\/f§~ (our love of peace).

5. Noun phrase-relative clause structures. These will be discussed in Section 4.5, although

.they are considered to be noun phrase structures.

The noun phrase lookup operations have been tentatively divided into five categories. Basic

linguistic operations for the noun phrases consist of reordering, inserting, altering, deleting, and

411, Category 1

. 'Ihejéfii"ég“:qafggofy i8 cohcernedwith basic noun.phrases that must be looked up before sub-

: ,;";s;,éﬁﬁéﬁiﬁﬁojﬁf‘p})fés:e"sf “This-process -ricludes four rules.
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1. ND3SON000V + NXXXXXAXKX - ND3SON000V + NOXXXIXXX _
%’ g '
»(xiquidate, ' (exercise, - (liquidation movement)
liquidation) movement)

The V in tag 1C indicates that the first noun is a noun form of an originai verbk. The funciion masks

the first noun, and a 1 is inserted in tag 7 of the second noun to indicate that it is a ..oun phrase on

.

the first level.

$VTBWXX}QD(?QDCODQ{ + NCXXZXXXXX + NXXOCOIXX - $VTBWXSSOOOIXXXXX
& #r 4 i

(protect, protection) (U.S.,Ameri.can)  (peopie) (protect

+ AJROOT + NXXXXX1XXX

American people)
- ' - .
. in this situation, the rule does not apply if the first tag word is VIBW. When “anything except
, o [$ ] VTBW” appears in this situation, the word will apply. The first noun alters all its tags
' to adjective form and is masked. The seventh tag of the second noun is altered t- 1 to indicate
‘j that it is a noun phrase on the first level.
% é ~ 3. NHXXOXXXXX + NOXXXXXXXX - NXXPOXHPXX + NXXXXXIXXX
|
R LE - -8
E el (reporter) (union) (reporters’ union)
{
1 ‘ * This rule applies when the first ncun is human type and not capitalized and the second noun is
!
; . organizationzl type. The function alters tag 4 of the first noun to plural form, and ¢ag 8 indicates
} possessive case. The first noun is masked, and tag 7 of the second noun is altered {o 1 to indicate
- that it is a noun phrase on the first level.
4, NHEXPXXXXX + NOXXXXKXXX ~ NXXXPXXPXX + NIXXHX1IXXX ) .
),\'_ S
TR A
{Kennedy) (government) (Kennedy’s government)
This rule applies when the first noun is human type and capitalized and the second noun is organi-
zation type. The functioa differs from example 3 in that proper names are not normally pluralized
for the first noun. The func@ion does not alter tag 4 of the first noun, but it indicates possessive

case in tag 8, The first noun is then masked, and tag 7 of the second noun is altered to 1 to indi-

cate that it i8 a neun phrase on the first level.




~

'The above examples are only a few of the rules included in category 1, but they are used to

illustrate the types of rules-and the oper:ati'qr}s used for this category. -

"~ 4.1.2 Category 2

<

The :s"egpnd category coirexs appreximaiely 120 rules of rioun phrases cn the first level, and
includes operations such as alterw.g, inserti:ig, or deleting tags, adding English words, and re-
’ ordéring or masking tag words, “This cétegory deals with general noun piu'ases, since the ex-
céptipnal ﬁoﬁn phrase first levgl lookup that is syntécticalfy required is perforined in the first

category. The foliowing are some examples of the general noun phrases covered in category 2.

1. -RS, + UP, + SU, + ADRAXX, + AJKXXY, + HM, + NXKXXKXXXX,
¥ = A4 RE H s g LI

(this, (3, (very) (fine) (vase)
these) three)

’

- RP; + U, + ADRAXX, + AJXXXX. + NXXPXX1XXX,

-

(these three very fine vases)

By the longest maich in the argument, when this rule applies, the function alters tag 2 of the arith-
mate (RS) to plural (RP). Tag 2 of the numeral (U) is designated irregular (I) so that it is trans-
lated as “three.” Synonorne untranslatable (SU) is deleted. Tag 4 of the noun is designated plural,
and a 1 is inserted in tag 7 to indicate that the noun phrase is on the first level. Words 1, 2, 4,
and 5 are masked, ‘since these words are modifiers of the noun and are not essential in the oper-

ation for linking the verb to the main noun.

2. US; + SUp+ APXXXX;+ HM, + NXXXXXXXXX; - UL+ NXXSXXIXXX;.
— iu IN .‘,9-{%"

(one, anj (abroad) (overseas Chinese) (an overseas Chinese
+ AJXXXXQ
abroad) . T

' -
. "

‘When this rule applies, tag 2 of the numeral (U) is changed to irregular (I) so that it is translated
as “an.” Syhoxioine untranslatable (SU) is deleted. The third tag word, APXXXX, whick refers o
a type of adje_‘ac’t’fééi-é.dverbiél class that should be placed after the noun, is reordered to follow the

noun, and tag 2 is changed o adjective form (3). HM is deleted. Tag 4 of the noun is singular (S),
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_ word “of” is added and HM is deleted. Tag 4 of the'noun is altered to S to indicate singular, and

tag 7 of the second noun to indicate the first level noun phrase. The first noun is masked.

" 4.1.3 Category 3

separated by HM.are processed. Operaticns include reordering and masking tag words or first

» phrase in the structure.

since the numeral (0} is singular and a 1 is inserted in tag 7 to mdicate a first level noun phrase.
Both UI and Aamcx are masked since they are irrevelant to subsequent operations.

3. :RS, o+ STz ‘*Am*’"*'m'* 5
i Ay &k W 4

 (that, (kmd, (legal, (action)
- those) kinds)  legally) -

- RS; + SS; + of + AJXXXX, + NXXSXXIXXX |

(that kind of legal action)

In this example, ti,c arithmate singular (RS) alters tag 2 of synonome translatable toS. The English

the seventh tag 8 altered to 1 to indicate that the noun phrase is a first level phrase. The first
three tag words and the English word “of” are masked, smce they are irrelevant for subsequent

operations.

4. KXX +

1+ HM, + NXXXXIXXXX,; + KXX - KXX + NMXXXXXPXX;

4% 69 '3

(I, me, we, us, etc.) (home) (my

+ NXXXXX1XXX, + KXX

home)

This rule may be applied last when phrase indicaturs (KXX) are found before and after the noun
phrase. Tag 8 of the first noun indicates possessive case, and HM is deleted. A 1 is inserted in

.

The third category is concerned with the processing of noun phrases on a second level. In
category 2, noun phrases on the first level are processed; therefore, in category 3, noun phrases
that include in the structure a connominal phrase (IP), noun phrases that include one or more first

Ievei noun phrases, and noun phrases that include one or more first level noun phrases and are

fevel noun phrases, inserting English words, and altering, adding, or deleting subtags.

The following examples demonstrate the operations of noun phrases that include a connominal




[ ] +KII+ICX§§(+KMX+N}OOW1+W+NWV2+[§;;]

KCT
23 B AR A) &9 L

KVT _ ' KCI
- [m] + NKXXKKIXXV, + of + NXXKKKROXX, R [m]

(attack - of International Workers’ Movement)

This rule deals with the ICXXX ( *1’) connominal phrase within a noun phrase. Phrase Indicators 3
at the beginning and end of this phrase are necessary, before this rule can apply. In this partlcular
translation ICXXX is not translated, but the nouns are reordered. In the function, the first noun
retzins all its subtags but a 2 is inserted in tag 7 to indicate that it is a second level noun phrase.
The objective case for the second noun is indicated by an O in tag 8. The English word “of” is

inserted between the two nouns, and “of” and the second noun are masked for subsequent passes.

N
2. NXXXXXXXXX, + Kl + ICXXX, + KMX +| N+ PS+ N+ JC + N| + HM; + NXXXXXXXXX;
N+JC+ N s .
‘;’ ’ S, s, -— &y ¢
HE R0 L FEETL 4 ¥ -$e %
KCI
KPT
TIKMX + LTX - NXXXXXXPRXy
$ + UP TO NEXT VXXXXOXXXXXKXXXX|
, (American dominating group’s
NXXXXXXOXX 8
+ NXXXXX2XXX5 + of + | NXXXXXXOXX + PS + N~o~ +JC+ N~0~ 1
NXXXXXXOXX + JC + NXXXXXXOXX 3
pe }
further persection of U.S. Communist Party
KCi
. KPT
KMX + LT
$ + UP TO NEXT VXXXXOXXXXXXXXXXK |,

)

-l %
oy

In this example, ihe tag words are again reordered and subtags are altered according to function.
The above example actually shows 12 rules, since the tag words within the brackets show different

* 'i'he, brickets inciude the altersiative tag words, one of which is required.
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possibihﬁes. The second Acun L1 the mnction is not ma.skea, since all its tags are remed for
subsequent passes. Ambiguiﬁes in the hansla,tion of the nouns ar2 resolved by inchcation in tag 8
of the- tag word. Again the ICXXX is not tranzlated because it functions as a reorder indicztor and

is therefore untranslatible.
- : < R N
. 3. (N)i +KH+IAAAN2+KMX+ N+P§"‘N+JC+N +HM¢+NX}§OQCZ}GIV5
N+JC+ N J

3

£ & AP 9 4%

- [k -

+ | EPT - (NXXXHAXXPXX); + NEXXXX2XXX;
KMX + LTX : 1
$+UPTONEXT'VX}QQQQOQG(O}QQC<X

P ‘ (my struggle

NXXXXXXOKX . .
+IAIKK, + N~O~ 0+ PS+N~O0~¥; JC+ N~O~¥
8
N~o~ °+ JC+ N~O~ D . ds
with Communists
KCI
KPI
KMX + LT

$ + UP TO NEXT VXXXXXXXXXOXIKKX
s)

This rule concerns the IAXXX (@], $& #2) connominal phrase within a noun phrase. The first noun
enclosed within the parentheses indicates that it need not be present for the rule to apply. The
above example actually indicates 24 rules, since tag ‘words within the brackets and parentheses
show different possibilities. The connominal IAXXX selects the translation “with” by altering its
fags to IAIXX (English graz.nmatic tags), since the other two transiations deal with special adjec-
tives, and in this rule the other translations do not apply. Tag 8 of the nominals is changed to
select the proper translation-for the case. All tag words are masked except the fifth tag word,

which indicates that the noun phrase is on the second level.

¥Tett in parentheses indicates that the tag word may or may not be used.
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4. STTBWREREOUORKKK + NOOOKIK, + NI, ~ $VTEW OO0 ,
ST T AAAR B F Fu ‘

+. . NXXXXXIXXX, - +of+ | NEAXKXXRXXX, |
+. _ . . |

(progressive enterprise of sach countrs’s people )

The above rule shows the reordering of first level noun phrases in relation with other nouns or

first level noun phrases. The Engnsh word “of” and the second noun in the function are masked,
"and only the first tag word is left for subsequent operations.

4.1.4 Category 4

The fourth category deals with nouns or noun phrases that are separa{ed by conjunctions or by
series indicators. For this type of noun phrase, the subtag must be altered to indicate that the
verb to be linked with it is to be pluralized.

1. Nmif PS, + NXOIXXXEXX, - NXEXXXXXXX, + PS; + m3

Ao F N SN (peace , democracy)

2. NXXXXXXXXK; + JCp + NXXXXXXKXK; ~ NXXXKKIXXKX; + JC, + NXAXXKIXXK;

i A = T ‘ﬂ (U.S. and China) |

Tag 7 of the second noun is indicated by a J,so that in the verband subject linking pass a rule will
be generated to pluralize the verb. A J is put in tag 7 so that tag 4 (the number tag for the tag
word) retains its original form.

4.1.5 Category 5

The fiftk category deals with noun phrases that include HD (% , f’; '%:). The following ex-
amples mask the HD but retain the number tag for the noun for subsequent passes.

1. NXXXXXXXXX + HD- - NXXXXXXXXX + HD

. ‘}7 itl{ BF I{'_,é_ ’% %: (Roosevelt, Kennedy, etc.)

%, NXUXKXXKXK, + HD, + NXOOKKXKAX; ~ NEXXXXXHKX;  + HD, + NXXXXXIXXX

P2 ’ﬁ”"ﬁt‘.’. &% AN - (Roosevelt, Kemnedy, etc.  people)
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“In the‘Second exainple, a J i85 ot in tag 7 of the second noun as an indicator so that the verb to be
linked to this noun phrase will be pluralized. :
The above five categories deal with noun phrases on the first and second levels. Noun phrase
co}lqc;itiy&s are resolved in the collocative structure pass (see Section 4.3). The noun phrase-

relative clause, which includes a noun modjﬁéd by a subordinate clause,.is discussed in detail in
Section 4.5. o '

4.2 VERB PHRASES

A Chinese verb phrase is a series of words that includes the mzin verb and/or one or more of
the following elements: converbals, VW’s, auxiliary verbs, and adverbs. These elements may or
may not be present in the verb phrase structure. They aid in the specification of the English form
for the Chinese verb (such as tense and aspect), which by itself lacks inflected forms. Some of the
problems that have been found are:

1. The fact that converbals, auxiliary verbs, and adverbs may not be directly next to the verb
in thé processing sentence

2. Determining the word classes of individual Chinese ‘words that influence the verb phrase

with consideration to uniformity of subtags, transiation, and their position relative to the
verb

3. Determining the extent to which the converbals, auxiliary verbs, VW’s, and adverbs aid in
resolving verb/noun ambiguities

4. Determining what operations must be initiated before inserting the verb phrase initial and
terminal indicators.

The following examples are given to show some of the verb phrase patterns discovered during
the courée of the analysis.

1. ADCVXX, + VAXXXXXXXXXXXXXX, + ETTEy -~ KVI* + VEXXXXXXXXXXXXEX,
T Phe %ﬁ”t Jir ﬁ T | (has/have exposed

+ ADCVXX, + KVT*

more clearly)

* KVI and KVT are verb phrase initial and terminal indicators.




2. ADREOD, + ETIF, + VXX
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4. ADRVOT, + ETIF, +
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_ (%%~ KVL+ ADREOU; + VXX

= -

 (therefore will:persécute)

X; = KVI + VTAXKXEXXXXYXXSP;

d % %k , % H %

{(had not been destroyed

'+ ADRVAT; + EVT
in thi-past)

X3 + ETTO; « KVI + VEXAXXXXXXXXXXFX,

13 (will burn

2 S &
+ ADRVOT; + KVT
evertually) -

5. ENIF; ¢ VXXXXXXIOAXAXKKK, - KVI + VEXXXXXKKXXYXEFX, + KVT

* 5 & F  {will not belong)
6. ADRVOT;+ GN, + VTAXXXRXKKXKXKKXKXK; — KVI + VXXKKXXXKXKKGXKK,

— % e % I {% (can obtain

+ ADRVOT; + KVT

certainly)

7. ADRKOU; + VXXXXXXXXXKXXKXXX, + EPT0; - KVI + ADRKOU; + VEXXXXXXXXKXXXRX,

:

A 5*3'5_ : ";!; ‘;tg i . (mei'ely is impiying)
+ KVT . -

-

T

8. ETIF; + ADXVAX, + VXXXXXXXKXKKKXKY, ~ KVI + VERXKKXXKKKEXXFX;

* e g: . ﬁ' ‘ (will promote

"

REST:
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! <.~_ . thanone.) Fomexample, EXXX -t»V[T][g]

*EIBO&*PMQ < KVI+ GB;

wif e A 4 A st

10. ETIR, + ADXVXX, + VXEXXKKELXXKKEXX, - KVI+ VXXKKXXKXKKKKKKRK,;
. ‘y ’
=& K it -
+ ADXVEX, +KVT
prosperously)

(are being developed

i1. VTEXXXXXXXXXXKXX, +»V:‘I'A}Dm:?m,w KVI + @Amm“
, ol - 1

% A i

+ VXXXXXXXXKXZYIXXX, + KVT
to destroy).

(attempt futiiely

The verb phrase patterns shown abeve are but a few of the hundreds of patterns psssible.when
we taks into account the quality aad position of adverbs, :‘wxiliary verbs, converbals, and verbs.
'I‘o include all forms of the v2rb phrases for the machine oriented linguistic analysis, specific
operations ¢ be accompiished for verb phrase iookup have been spelled cut. The series of oper-
ations for verk phrase making is as follows.

1. Determin‘ing Phrase Initial and Terminal Indicators. g

e In matching verb phrase lisi, do not consider ADXXXX, i.e., jump over (or tempofarily
mask) ADX)G(X: (This is done because ADXXXX can occur in any position in a verb
phrase) For example, EXXX + ADXXXX *. vmmoooooo( matches EXXX

RS -

° Jump over (or temporarily mask) V[ﬂ[ ]}QO(XXX)DQOOO(X it .

V? gmmmo{xxx + VWXEXXXEXXXHXXKXXX. (This is.done because

V[g][ﬂ] can oceur within 3 verb phrase pattern in a series of more

SR
PN TN RIS

KN

AR
an N




X, matches EXXS,

—

-—

. » If the govove does net apply, treac ‘V[ ][ ]mmmm as a regular verb and
match, For example, EXXX, V{B][ ]mmmamgmg + vw;cmmnm
© , matches Em, + mem * vwmmmms. .
: &

.o match is found insert KVI (verb phrase ini*ial indicator) before verb phrase amf
insert KVT {verb phrase terminal indicator) after verb phrase.
2. Operations Within Phrase Indicators. Examination is made for the presence of certain oc-
currences within the verb phrase initial and terminal indicators. If these following occurrences

do appear within the verb phrase indicators, cperations aze specified as follows:

o If VWXSOXXOIXXXXXXXX is present:

3

o If VW is not preceded by V,E VW takes the verb regular form, which is specified
in the lexicographic entry. The rule is:

$ VIORRARARIRIRRX, + VW KKKKHKXKHKKIK / VR0 KKK,
—~ 4 1 T %
-$ T + VXXOOOOOKXX XXX,

(we ’ go down)

« If VW is preceded by V, VW reverses position with V, and tags 2 to 11 of V are
inserted in VW, with a W inserted in tag 9 to indicate that it was originally a VW.
Tag 13 of V indicates infinitive (I) or participle (P} form depending on the VW. '
The V is then masked. The rule is:

, | v}ommmmi + vwsmmcomomg mcocmwmom

AL TR

(continue

+ vmpoummm
doing)

B . B . If ENXX (AD}DQD{) is present immediately before the verb (or with an adverb
o befween}, iidicaté negative form intag 12 of V, jumping over ADXXXX. The rule




oA -

o X v[g] [gmmmmm is present and followed by V, the v[f][g] ~ 16 iakeg the

.. nallyaV B] [D]. Tag 13 of the V is changed to I (infinitive form), and the V is thei -

» 1f EXXX is firesent, put the qualities of EXXX into the verb and delete EXXX:

. 'If’"GX is present, put a G in tag 13 of the verb and mask:

GX + - GX + VRXXOOKKXXRK G

tags 2 through 11 from the V, with an E inserted in tag 9 to indicate that it was origi-

E

K

masked:

V[B][D], + VEXOXXXXXXXXK,

TILE 4 )
s E TR
- v&ommm, + vmmmo:g
(attempt ‘ to destroy)

s

ENXX+'vmmM-mmYm
ETIF + VIOOOXXXXXAXKXKK - VEXXKXXXXXXXXXFX

¢ If ADXXXX is present, the following sequential operations are necessary:

o But the fifth tag of ADXXO0X (tense indicator) into tag 15 of the verb. For example:

ADXXTX + (GX) + VXXR000KKIO000KK ~ ADKKDK + (GX) + VEXOO0000000KK0X

« Reorder ADXVXX and mask ADXXXX:

ADXVXX, + (GX) + VXKXXXXKXKXKXXKXXX, ~ (GX) + VEXKKKKKKK KKK,
+ ADXVKX
'ADXXXX - ADXXXX E

T
wF

- go—— o
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- It is hoped that the series of operations indicater:l above will cover all pgssible occurrences of
varte'd;forms of verb phrases and can therefore keep the verb phrase lookup table down to about
100 entnes to determine positioning of phrase indicators. The series of operations within the
phrase mdicators wﬂl hopefully cover most operations to indicate both English grammatic tags

for the verb and ma,skmg and .reordermg operations for subsequent passes to link the verb with the

* . ‘ “

subject.
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-

4.3 COLLOCATIVE WORDS AND STRUCTURES

Collocative structures include prepositional structures that are indicated by coilocative ini-

tials or terminals, i.e., those words concerning positions, time, or direction (see Section 3.15).
The collocative structure may involve a discontinuous structure such asﬁ e (under) or it may
be an adverbial phrase or clause with a single colloce,tive werq indicator, such as é? (from) ..., i’ff,
3 (besides).... The collocative structure may be isolated from the sentence by the recognition of
ttxe presence of a collocative initial and a-collocative terminal in a discontinuous structure such as

’ © in ANE AN E‘:” fy\ ;L_ (begmnmg from this time) or the collocative structure may be indicated by ' !
'only a collocative initial, such as in }J\ w ,i e 2 ,’; &&L (from Taiwan and Taiwan strait),
-or by only a collocative terminal.such as in ’é ;,K. 3 X IE Ij ,*_ﬁ (in capitalist countries).

The problems concerning the analysis of the collocative structures can be divided into two '

levele: word and structure. ;

4.3.1 Collocative Words

First of. all,. collocative initials must be differentiated from collocative terminals. To deter-
mine .1ow the translation is affected, a comparison has to be made between collocative initials and
terminals when they occur in the collocative structure as initial and terminal words. When this
comparison is fairly well analyzed, the collocatives‘are' then divided into categories according to

 their funiction in the translation scheme. Thus, for example, AA (from), which is classified as
LIC, mthefdnscontmaous structure of AA (LIC).. % ,*\ (L'TD) has the translation: (blank)(LIl)
“accordmf'to (LT1)...”; while in the discontinuous structure of AA (LIC)... 7K (LTE), the transiation '
is “from (LIZ)....” The ambiguities of words such as \/J (L/D), ,ﬁ, (L/V/E), and 4 (L/S), which

have other iunctlons than that of collocatwe, must be resolved through lmguxstic rules.

B

'4.3.2 Coilocative Structures

The‘re‘ is little difficulty concerning the problem of segmenting collocative structure(s) from
, the rest of the. sentence if the structure gontams both collocative initial and termina) words. If one
cpllocative word is- present thhout the- other, the tértainal or initial point of the structure must be

EE 2
< 7
’ - =
ST E.
.
v - 3

: gmmd ancl indicated V/hen the initial and terminal poinis of the collocative structure are found,

. B R - U




ét:'ugture' initial and terminal indicators are inserted. The content of the s&uchn'e must be re-
ordered, and-significant tags are then indicated for proper iranslation. At the same time, the cor-
rect translation form for the ~ollecative word(s) is determined. The collocative structure should
be masked, since it is a modifying phrase orclause and is not needed for the verb-éuﬁject linking
pass. When the structure i3 not at the beginning of a sentence and followed by a punctaation mark,
the collocative structure should follow the verb and its object.

ébllocative words havé been discussed in Secticn 3.15. This section }s therefore concernea
with collocative structures, and collocative initial and terminal words are mentioned only if they

are relégant to the clarification of collocative structure processing.

The collocative structure processing has been tentatively divided into the following steps:

Ambiguity resolving of collocatives
Inserting collocative structure initia« or terminal indicators
Collocative structure segmentation

Reordering within the éollocjative structure, and masking of collocative structure

1.
2.
3.
4. Translation of collocative words
5.
6.

Reordering the collocative structure o1 a syntactical level.

4.3.2.1 Ambiguity Resolving of Collocatives

Words such aS\}ﬂ (L/1), * (L/V/E), i 4 (L/S), and T~ (L/V/0), which have tag words besides
collocative, are parsed in linguistic pass 1 and their ambiguities are resolved if possible. This

process can be illustrated by giving the following rules and their examples:

1. $UX + LTC/VTA~1 /OD + KXX - $UX + LTC + KXX
BHEA T )

(under this kind of situation,)

T+ is a word that can belong to more than one word clzas: coliocative, verb, or O class. In the
abové rule, with anything excuc a numeral prei:edingT:, which is foliowed by a KXX (phrase or
structure indicator), T+ is a collocative, as in the phrase illustrated above. ¥ a numeral precedes
v, it i5 an OD, as in— Tv(once)and® T (twice).

2, NTXXXXXXUX + LTE/VBE ~ ¥ /EIB0 + KCI - NTXXXXXXUX + LTE + XCI

@ 1§ P

"{for more than forty years,)




whe" it m@receded by a nonimal of tune numeral and’ fonmved by a KCI phrase mdicator, itisa 3 ,

A&~.v

) collocatwe, such as m.» / ﬂ * (for three ‘months,) and m—-—-"'jl“a#,(for -twenty years,) i : '

4.3.2:2 Inserting Collocative Structure- Tnitial or Terminal Indicators

The msertion of collocative structure initial (KLI) or terminal. (KLT) indicators is processed
sn linguistic pass 1. A minor indicator (KMX) is inserted after a collocative initial and before a

collocative ter:mnal. This is to segment the-elements within the collocative structure for reorder-

V w ‘f‘vuﬁ" . .
'x‘ .‘(‘ |I' »
. ,’ .;
: It
N i
. . \ aw v
+ I v
1
t
»

ing purposes in a la.ter process. The following & rules are utilized in this set of operations:

1. LIX -~ KLI + LIX + KMX
' 2. LTX - KMX + LTX + KLT

4.3.2.3 Collocative Structure Segmentation

Further processing of nisertion of collocative structure initial or terminal indicators is nec-

essary when the collccative siructure contains only a collocative initial word or only a collocative

e et — -
.

terminal word. In this phase of operation, structure patterns are matched to determine insertion i

of indicators. In thc course of the analysis some patterns have been found, but they do not include :

e

all possible patterns.

[T —

1. KII + IXXXX, + KMX + N~% + KMX+ LTF; + KLT - KLI + LTF; +KMX
o

wt 7HMAR R

{to _workers)

+ N~} +FLT

9. KCT+ KLI+ LiB+ KMX+ N~ sV~
’ % RAAFLARLREIAT BT

{(proceeds crugl persecution toward the U.S. Communist

+$[HM_|+'UPTONEXT+[KCI] ~ KCT + KLI+ LIB + KMX+ N~©  ~ -~
[KXX] KPT _ o

%E 9 b\, ,
Party and progressive force of the United States) o ' K
[

———

i ] ot M chl "
KLT+ KVI+ V + KVT + $[KXX]+ UP.TO @XT+ [KPTJ ‘

The akoye. example ulustrates that search must be made beyond the collocative structure itself to %

o) determine the collocative stricture’s terminal point.

o
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3. KLI+ LIX + KMX+$I§% UPTO NEXT + NT3S0NG019 + KCI

i 42453 A At KA B Y LERS s9Fef

(at/m the same time of stirring up positively and expanding partial agressive war,)

T
- KLI+ LIX + KMX + $l-€i§ + UP TO NEXT + NT3SON00IO + KLT + KCI

£f
:
4
-
4
3

4. KLI+ LIX + 5,:1‘%-}-» UP TO NEXT + KMX + LTX + KLT

,& ). 2 % "'iuzd‘ ﬁ]ﬁ-:!&;z elr
A~
(in struggle with rea,chonary dominatmg group and its agent)

———

- KLI+ LIX + LTX + KMX + $’-L-L%-]+ UP TO NEXT + Kn_.T

The above example illustrates a collocative structure where both colfocative initial and terminal

words are present in the structure. The terminal word is reordered to follow the initial word so
that the translation lookup for the collocative words can be accomplished.

4.3.2.4 Translation of Collocative Words

In this pass, a table has been prepared so that the proper translation for the collocative initial
and terminai words can be looked up. Each collocative init1a1 word has two translations: LI1 and
LE in dictionary HI: Each collocative terminal word has four transiations: LTI1, LT2, ncminal,

or adjectival-adverbial. To look for the proper translation of LIC + LTD (AA + § %_ ), the
fable gives \a rule: LIC + LTD - LIl + LT1. Indictionary HI, the L entry forAA has no trans-
_lation, and the LTI entry forﬁ * is translated as “according to.” The proper translation for
A & ﬁ %\_ is therefore “according to.” To look for proper translation of LIC alone, the table
gives a rule: LIC - LI2. In dictionary III, the LI2 entry for AA is translated as “from.”

4.3.2.5 R.ordering Within the Collocative Structure; Masking of Collocative Structure

Within the collccative structure there may be elements such as nouns, noun phrases, relative
clauses, or clanses These must be reordered and grammatic subtags must be inserted to give the
proper translation.

After the elements are reordered within the collocative structure, they are masked and the
entire collocative structure is ready for syntactical reordering

) To illustrate this process of reordering and masking, the examples given in Section 4.3.2.3 are
) utilized ln example 1, the structure indicators have been inserted, amd the collocative terminal

-

b
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N appeareﬁ as follows::

_ _(uTF} has been reordereqd:to iollow the stmcture iniﬂal indicator (KLI). The collocative structure

’ 1_. KEI+ L*i!ff"-f-’m'a. NEXXXXXXXXX + KLT -~ KL + LTF + KMX + NXXXXXXOXV + KLT

jij' L NR L %’\ {to workers)

Since the element within this structure is a nominal, it requires no reordering. It is masked for

subse¢juent operations.

In example 2, a rule of similar nature applies, since the element within the siructure is a
nominal phrase that has been reordered in the nominzi phrase operations:

2. KLI+ LIB + KMX + NXXXXXXXXX + KLT - KLI+ LIB + KMX4+ NXXXXXXOXX+ KLT

G FEEF L AL Ei LT (toward the U. S. Communist Party
and progressive force of
the United States)

In example 3, tlie results of the segmentation pass give ihe following collocative structure:
3. xu+ LXX, + (LXX) + KMX + (KVD+ V~8 4+ ®VT)+ JC+ (KVD) + ¥V~ +(KVT)
)3 AN AR #g A
+ N~ + NT3SON00IO; + KLT -
B e R % i&.? #3 &) ed
The reordering of the elements within ’the structure is as follows:

4, KLI + LXX, + (LXX) + KMX + NT3SONOOIO; + of + VXXXXXXXXXXXPXXX,s + JC3
(at/in the same time of  stirring up positively and

+ VXXXXXXXXXKXKX PR 4 + NXXAXXXOXXs + KLT
" expanding partidl agressive war)

In example 4 of Section 4.3.2.3 (exampie 5 below), the element within the structure is a nom-

inai phrase ﬂ:athzs been reoruered in- the nominal phrase operations. Therefore. only masking is
‘ .;{:.}’requiréd in»th!s  pase.
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s, m+m+LTx$'M+$[E‘g]; UPTONEXT + KLT = KII+ LI+ LTX
% B e *ﬂ&im&
Ce9 i % - T (in

TiX ' .
+ KMX + sL.TX] .UPTONEXT-t»KLI"

.‘a

struggle with reactionary
dominating group and
its agent)

The noun phrase collocative, such as ﬁ 1 [ﬂ "Q AR, (people in China), is also examined on
a syntactical level and reordered in this phase.

4,3.2.6 Reordering of Collocative Structure on a Syntactical Level

On a syntactical level no reordering is necessary if the collocative structure is: (1) at the
beginning of 2 sentence and followed by 2 comma, (2) preceded by 2 comma and followed by a
period, or (3) preceded and followed by a comma. The collocative structure is reordered to follow
the verb or the verb and its object. In aii cases, the entire collocative structure is masked in this
phase, and no mrfher analysis on this type of structure is made for future passes.

The general operations on collecative structure have been defined in this system. However,
to cover all the possibilities of the structures within the collocatives as well as the syntactical
qualities of the collocative structere, eoncordances and further research should be made in this

area.

4,4 CONNOMINAL PHRASES

Connominal phrases are adverbial phrases that are introduced by connominals but do not have
adverbial phrase ending words. These phrases can also be introduced by connominals and ended by
collocative terminals. The connominals used to introduce such phrases have five tags. Tag1 in-
dicates the major class; tag 2 is an alphabetical designation to distinguish similar groups of con-
ncminals; tag 3 indicates whether the connominals need special lookup for a correct English trans-
lation of these connominals that have more than one English equivalent; tag 4 indicates the position
of the connominais in relation to the word concerned, l.e., it indicates whether they are preverbal,
postverba.l, preadjectival, ete.; and tag 5 is used to indicate the major structure of the phrase fol-
lowing the conhominals involved i.e., the connominzis may be followed by a noun, a noun phrase,

a verb, a verb. phrase, etc.

-
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Théfiiroﬁleﬁ;é involved-in connominal phrase analysis are as follows;
1, Ambiguity rzsolution of connominals that h‘aﬁe more than one tag word, e.g., \'i] canbe a
- gonmominal as well as a conjunciion (/3)

2. Determining the beginning 2nd end of 2 connominal phrase and the insertion of coanominal
phrase initial and terminal indicators (KW, KiT)

3. Syntactical reordering of connominé.l phrases and syntactical opérations to determine the
proper translation of the connominals.

In this year’s study, some aspects of these problems have been solved. Howszver, for e:ipansion of

tags and rules, further research in these areas should be done.

4.4.1 Ambiguity Resolving of Connominals

In linguistic pass 1, an attempt is made to resolve ambiguities concerning connomijnals that
have more than one tag word. This is done by looking up a table of linguistic rules fcr a certain
sequence of words and resolving these ambiguities by deleting the tag word that is inappropriate to

the sequence. For example:
. s[%]a, su;zm¢ $[%§-] + TFXXX

In this example, anything that precedes SU/IFXXX (A€, ) except arithmates and numer'als resolves
the ambiguity to IFKXX. Therefore, in the sentence 44X 4% $ & 7 (he has forgotten this
matter), SU/IFXXX is changed to IFXXX because A&, (he) is neither arithmate nor numeral. The
IAAAN/JIC (@], 3K . 4= ,5 ) can be resolved at this level through a series of sequential rules.

11 .
1. TAAAN/JC+ V*~18, 8+ UPTONEXT + V~0~¥~ JC+ V~¥ 4+ $4+ UPTONEXT

= r 55 o . B:i8 (and support ....eeecescesseniencen
+V~g~”
.c.OpprEss)

»

 #%The V’s in these six rules.— include A/V and V/N.




2’ ’EAAN/JC.* vﬁe‘iﬁ q.. $~+ UP"TONE}UI"‘, V~$0 1 "IAAAN-]- ~v:"~'48’_+ s T

- - B - T

T UP’I‘ONEXT PR $o~ ‘
Communism person struggle)
| . i1 -

3. TAAAN/JC + $V ~ ! (immediately following 1/J) + $ + UP TONEXT + V ~0 ~ . JC

ke T &M ,-‘zﬁﬁ (and

1
+3V~B (immedmtely following 1/3) + $ + UP TONEXT + V~ 0 ~
Latin America promote)

. u
4. IAAAN/IC + $V ~ ' (immediately following I/J) + $ + UP TO NEXT + V ~ 30 ~

F] A ML RENILAN B

= u
~ TAAAN + $V ~ ¢ (immediately following 1/) + $ + UP TO NEXT + V~ 30 ~
(with reactionary dominating group and its agent struggle) -

5. IAAAN/JC + V~+ $V ~ 1 . UP TO NEXT + KX~ JC +V~%
s # A BALQILERF ORAY
(and expand
+ $vV~1 + UP TO NEXT + KXX
partial agressive war the same time S e

7

6. TAAAN/JC + SV~ 16 + U2 TO NEXT + KXX = JC + $V ~ %+ UP TO NEXT

A2 3 3] AR AL . | -

S o and  U.S. people masses
+ KX’X

)

The. six rules indicated above initiate a search for verbs or phrase indicators that resolve the ey
amblguity of IAAAN/JC, For-the first two.rules, ﬁthere is a verb immediately following '

AR

TN SNSRI
h‘ 3,
=

A
kel
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e S | : S
_': .- IéAAN/JC tag 11 of the second verb‘resolves the ambiguity For the third andfourth rule, if E;,
) ,ihere is no verb immedzately fonowmg IAAAN/JC look for the next series of- words to tind a verb. i
"If a verb is found tag 11 of: the: verb resolves the ambxgmty of IAAAN/JC For the. fifth rule, ifa
verb meedzately follows IAAAN/JC and there is no other verb pressat up to the- next structure
mdxcator (KXX), the ambigmty is resolved as comunction (dC). For the sixth rule, if there is no
verb following immed1ate1y after IAAAN/JC and up to the next structure indicator (IQC{) the
ambiguity is resolved as conjunction (JC). More ruies will be added to this set of ambiguities. .
4.4.2 Determining the Beginning and End of Connominal Phrases and Inserting of - )
Connominal Phrase Initii a1d Terminal Indicators . \ =
" In linguistic pass 1, connominal phrase initial indicators (KI) are inserted before a con- i
nominal word, and a minor indicator (KMX) is inserted after the connominal word. The minor b
b
indicator is necessary, since it aids in the parsing cf noun phrases, verb phrases, relative clauses, P
etc., in subsequent passes. The rule utilized is as follows: -
o XXXX ~KII+ IXXXX + KMX -
y
7. & 4 (according to)
_ i
To find the terminal point of the connominal phrase, this operation is made after ambiguity 5
resoiving and after forming of noun phrases, verb phrases, and collocative structures. Sorae of
the situations by which the terminal point of the connominal phrase is found are as follows:
-— 1
Y KCI
1. KO+ IFXXX + KMX+ N~1 4 VTA/N+ ${HM |+ UP TO NEXT +{KPT]
. . TN ‘ i L
% V/N . .
b {-; . - o ‘),_ L’r;i
€ EL AL sEhe Bldetod $geg Gt
i v =
- - KII + IFXXX + KMX + N~ + KIT + KVI+ VTA ~ ¥ 4 RVT + $| HM o
= V/N
, (military expendituresJ increase
KCI
: + UP TO NEXT + [KPT]
to highest point of peace period) : ;/_ <
* The word IP-indicates a connominal phrase. g
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N ézsza,ﬁfﬂ 32 ,&ax& B
KPT
N~® KT
KVl
(economic difﬁculty of monopolistic group ~ shift....) '
@) ' -
3. K+ IKXXV+ KMX + V~® 4+ N~¥ 4 Josv~8, N-10 +[§°‘]-Kn
A £ €8 4 Kih ¥EAK A&
T 13 ] 13 R KXX
+ IKXXV+ KMX+V~P~® 4 N~O0~",: JC+ V~P~B N~0~", KIT-!-[V ]
(for controlling world ;md initiating world war open....)
)

After the connominal phrase terminal point is foz{nd and the zonneminal pbrase terminatl in-
dicator (KIT) is inseried, words may be reordered and tags may be changed within the connominal
phrase (see example 3 above). The tag words from KMX tr, the last tag werd of the connominal
phrase are masked, and KII + IXXXX + KLT is left for veordering on the syntactical level and for
I translation iookup.

4.4.3 Reordering of Connominal Phrases on a Syntactical Level

On a syntactical level; no reordering is aecessary if the connominal phrase is: (i) at the be-
ginoing of a sentence and f‘ollowed by a2 ccmma, (2) preceded by a comma and followed by a period,
or (3) preceded axfd :'iollowed by a comraa. Generally, if it precedes the verb in the processing
sentence, the connominal phrase is ceordered to follow the verb or the verb and its object. I a
connominal phrase begins with the connominals IK (%) ), IN (), or 10 (4E, 4 #) , 44 and the
phrase follows. the verb in the proceéssing sentence, the verb subtag 8 or 10 is eéxamined for the
cor:éc’t%ruljes'tfor,tranﬂatioo and reordezing. In the same pass, the proper translation of con-

nominals will be looked up by reference to the verb connominal subtags. For regular connominals,

) “ ;i}é',_,ﬁclo'}l,:iu?n‘lipals wheae tag3 isR (gegular t;anslation), no translation lookup is necessary. For
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h _irregular connominals i.e., connomjnals~whose tag 3 is I (irregular translation), the verb con-
- nominai subtagsﬁ 7 8, and 11 are referred to so that the proper translation may be determined.

Further study will be made in this.area concerning other discontinuous structures in relation
:to connominal phrases, expansion of connommai subw.gs and elements within the connominal

phrases.

4.5 NOUN PHRASE-BELATIVE CLAUSES

The noun phrase-relative clause,* in the Chinese sense, is a noun or noun phrase modified by
2 a subordinate clause, which consists of a vex}b with or without subject and object. The verb may
= take the participle, present, or passive forms in English, depending on the pattern and content of
' the relative clause in Chinese. The entire relative clause becomes a noun phrase in relation to the
= sentence structure. The word order in the Chinese pattern is different from the English, since the
head word is the last word in the pattern and is usually preceded by HM (#%) ). In Chinese, the
subordinate ¢lause precedes the head word and is coanected to the head word by HM. In English,
. , the head word precedes the subordinate clause, and the subordinate clause is introduced by ex-

.1)'- J:n

pressions such as “of,” “that,” and “by which.”

iy

[\
AN

The‘ problems involved in relative clause énalysis are twofold. First, patterns of relative
clauses must be found a.nd the operations must be determined to reorder the Chinese words and to
alter their subtags to indicate the varied forms these words will take in English. Second, the be-
gmnmg and end of the relative clause in the sentence structure must be determined and indicated

. by structure initial and terminal indicators. Witkin this phase of ogeration, the head word must be
.singled out for subseguent verb linking passes, since the relative clause behaves like a nominal in

-
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the syntactic structurs.

j 4.5.1 Noun Phrase-Relative Clause Patterns

The first problem is to determine the various relative clause petterns that can be found in the

sentence structure; In this study, ;,;atterns have been found whose translaticn and word reorder
_vary accordingly to the quality of both the head word and the verb. These patterns are therefore
further subdivided for proper translation according to the quality of the head word and the verb.

The gqllowing,rela,tive clause patterns are listed, and they are subdivided according to the
qualityiof thenverl_;:angi the head word. Word reordering, subtag altering, and proper English con-

' nectiﬁgzévogd;addm_g‘is indicated.

.-,
‘.—-._ g ’/.." “iz
o———,

} ' *The terms “noun phrase-relative clause” a.nd “pelative clause” are used interchangeably in

thts report. - ' )
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* .vxu :sim m;r«; o - % ; E

,g_ﬁ; .? i“x. egﬁhy ‘ (struggle of reaisting Commuxﬁst M)
e VXA-;«N; + HM + r;xx[ ] (H,0,1,E, C, B, P) -Nxx[i] etat “
2 -
AR AT R AR . . (vecple that ;

e
.9.9:0.0.0:0.0.0.¢.00.( BN 0. N.

jz» V. [1{ + 1 k
resist Communist Party) :

-

] , -
.m[§‘1+m+nz+m+n,- Ny, + by which + NXXS]
1

FLAF T 3R E) & ¢y % (policy by which Governmenrts #
+ VXAXX}OQQQQGDJS])Q( + N,

manages ' country)

‘o ER0O (',’ff)-l- VXA + HM + NXXE,]-— NXX[%]-!- that + VXAXX)QDQCXX}Q{[?,]XP

» o ks » ;” *
P W I 69 = g - (wages  that are decreased)

. N}Q(ls]‘+ EROC (F) + VKA + HM+ Ny > N, + that + NXX[S]

P, . Ply
nilm ,& 1K, ¥ 1. ’é: (wages that company -

) sl. '
+ VEAS ~ [Iz""

decreases) .
.NX;XS +‘VXA+HM+‘N4N +’that+-N)é(s +VXAXX}GQQOQOOKSXX : ‘
¢ \p iv 2 i o P 2 ) N P L»,

s

'] ﬁx, {6 ﬁ:) X5 l ‘(wages that company - decreuses)
* 'I‘he symbols thin the. gareritheses indicate the second tag of the nominal.




;] + that + _E’]xp

(l_mus_e . that * ig destroyed)

B) +VEaA+ HM+ Ny = N + that + NXX ::L

A&, 7{#\%& 6] l@@ __ (reason that he
& VEATOOORRRARR .f,-lXP
is killedi

oIERBN(?»"'E‘)-i-NXXI;] + VXA + HM+ N, = N +that+m[f,]
1 1

& s 3}:;\%,\‘3 A (people that - flood

+ VXAW[;]}D{

- destroys)

4

; ] S
o VXA + HM + NXX[;! {,0,C, B, P) - NXX[;] + that + VXAXXXXXXXXXX[P]XP

3,49 % BB (ciothes that are washed); vZ %863 3% * %, (Communist Party that
/is-feorgan“ﬁéii')i" F £ 49 J)k,)ﬂ (Africa that is developed); /% 84 3% (dog that is
reared)

o VXA '+ HM +ND;~ ND, + of + NXXXXXXXXV,

4

)’k’ﬁ;ﬁﬂﬂ- f@; (thought of _resistance)

: fioi'VXA + HM + Nxx[f,] (H, B) ~ Nxx[f,] + that + vmmmmoc[s]xx

' ’(p'eople that wash).

i

s e g e s i
EYaal ",
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U m%}(&. £ 0,B,1C, D)~ Nxxs—] + that + vmmomcm[f,]m

P

Ja 64 A< (people thatrlm), ﬁs‘:—. €9 /] K_ (country that is independent); 1, ¢5.%
(horses that rin); 2K e A (trees that grow)

¢ VIO, + HM 4+ ND; = N, + of + NXXXKXXXXXXV,

%’ 57 &) 7% 7:57 (theory of preparing war).

3. VXBI Verbs:

o VXBL; + N, + V[I] + HM; + N)(X[S] - NXX S + that + V)QBDOOOO{X}OQ([S])G(,
Bjs PJs [P P

+ NXXXXXXCXX, + VXX¥XXXXXXXXIXXX;: 1% 4 h ¢ . ]  (reasonthatcauses

,. \ ~
de e N
t 5’»“;{:'1!‘,\ KRR R AR
P IRSE S LA TR LI

,.
7

e

\.ff'.':,\\fl

3

him to go); Ji% 442, %_69 A_(people that permit him to go)

AL
A1y o
R/

o VXBL + N; + AJ; + HM, + NXX[;] - N}Q{[SI'J + that + vmnococxmm[ ]xx
5 45

+ NXXXXXXOXX, + to be + Ay 4% 4, 32:’-,»' %4 é‘? ‘f (matters that cause him to be

-

happy)

.
o VXBI, + N, + VXA, + HM, + NXX|°| = NXX|°| + that + VXBIXXXXXXXXX|> K",
Pl Pl; ~A%p

+ NXXXXXXOXX, + VXXXXXKXXXKXIKK K 355 M ; B4 $4:3 otaetermination
. that hel, U.S. to attack); & ﬁt.f‘i. ﬂ*ﬁ‘ %Y "'5.’ % (students that request teacher to

gxplain) ,

.N1+VXB12+N3+VIO4+HM5+N3°N3+Of+ NXXXXXXPXX,

+ vxanomocx)ocp}co(z + mooooocom + mcooo(mcmrm 4X 477 4%_ie

% h‘] }',? !'_] (reason of our causing him to go), ﬁ E:l ﬁt 34\1&!2{‘- ij.tj-(tocls of the

- N U.s.’s causi_gj’g Japan t.g surrgn,dey{ 4-27




™
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ot

o N; + VXBL + Ny + AJy + HM; + Ng = Np + of + NXXXXXIDKZ;
+ VXBDOCEXXXKKPXXX, + NXXXKXKXOXX, + tobe + AJy A &, A 3+ A8 %R }'

69 14 (plar of people’s causing society to be prospgerous)

et Ve v e wey - 4

o Ny + VXBL + Ny + VXA, + HM; + Ng = N + of + NXXXXXKPXX,

+ VXBIXXXXXXXXPXEX, + HXXXXXXOXX; + VXXXKXXXXXXXXIXXX,: 4 4’} £ .4k

% \E)s# = 49 sA«s(dstermination of our helping U.S. to attack); $.4 B BT A
% R)64% ik(method of teacher’s encouraging students to ask questions).

4. VTBW Verbs:

e wn e o W

oVTBW+N1+HM+NXX§] -
2

NXX[%] + that+ VI BWXXXXXXXXXXXP + to
2

+ NXKXXXXOXX;: LI R oY (ietter that is given to him); {tj' #8684 A% (money that

is paid to him)

o
» NXX!.;:I + VTBW, + N3 + HM; + Nj = N; + that + NXX i]XXXSXX,
A

L

+ Wswmmﬁ])o(z + NXXXXXXOXX: 45 45 #0, 6948 (letter that I |

give him); %\4 ’;’5 e, éé) £ %. (money that I pay him).

The above patterns would be relevant only if noun phrase-relative clause initial and terminal in-

dicators had &een indicated in the processing of linguistic rules.

4.5.2 Noun Phrase-Relative Clause Operations

The ncuat phrase-relative clause operations consist of: (1) determining the beginning and end ! !
of the noun phrase-relative clauses and designating initial and terminal indicators for these etruc- }

tures, and (2) reordering within the relative clause to give the proper translation and masking all

—a

; words except the head word for verb linking. Environments of the relative clause must be examined
to determine the initial and termiral of the relative clause. It is possibie that the relative clause
may coztzin collocative structures and/or connominal phrases. This phase of work needs more

detailed anaiysis' for the future. As indicated in Section 4.5.1, there are many noun phrase-relative
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clause patterns in wiich ivor;is'ax;e reordered to derive the proper transiation, depending on the

content of the {ag words. Future <smdie8 may prodice more patterns than are shown in this report.

The following examples demonstrate the process of locating the initial and terminal points of
the relative clause and the reordering and masking of these structures.

KCT] F '
1. [KPI]? N +VT[A]+ N + BM + N + KC1+ PC

,  EUrEeiik Rat FRIL 9 ST ,
+ KCT+ =~ -KVIi+ VTA- -[I;{CPIT}+KRI+N1+VT[§]2+N3+HM4+N5+_KRT

+ KCI+ PC + KCT + KVI+ VTA* = F;gpﬂ+m + NXXOOEXRXXX, + by which

(estensive struggle by which

" ',- — mm-—:r.}
34 F|. 13147
+ NX°XXXXXT, + VT A Y,9.9.9.0.6.9.9.5 ¢ XX,
people of various strata oppose

+ NXXXXXXOXX; + XRT + KCI + PC + KCT + KVI + VTA}
militarization)

The above example first gives the syntactical pattern as the argument. The first function inserts
the noun phrase-relative clause initial and terminal indicators. The second function reorders ihe
elements within the noun phrase-relative clause and adds English words for proper translation.
Subtags may also be changed, as illustrated in this example. In this structure, the person and
number tags (tags 3 and 4) of Ny are duplicated for the person and number tags (tags 13 and 14) of
the verb. The elements within the structure are then masl_&ed, and only the head word is left for
subsequent passes.

* This function inserts noun phrase-relative clause initial and terminal indicators (KRI, KRT).
T Tags 3 and 4 of the nominal are duplicated for tags 13 and i4 of the verbal.

1 This function reorders tag words, adds Englich words, alters subtags, and masks elements
within the noun phrase-relative ciguze.




éf-; = ‘:-;1} : LRF 0 S ﬁ:’- ,.;: ’ j :;f-j-' ¢ 7 :'~,1‘ o 'r ~ e < - . -
3[%?]* N  + &WI+ VID + KWT + HM
2. . 3
H ez, bﬁ.; : ﬂt % °¥£ “9 F
' , RCI
: . =
ARG F A A ANB R ok Ty :
. KeT + KRl + Ny + KWI+ VID, + KWT + HM; + N; + KRT + rKCI.l- KCT-L. KRl
KPI 1 3T e |KpT; " KPIL]C
+ NXXXXXRXXX, + which + NX}IXXXSXX,
(“respect of human rights,” every- which Kennedy’s category ',_
one obtains liberty and equality f
N KCI |
+ VEOSO0DXXKXE XA, + KRT +[KPT] ;
cries) ;
{
' %
With the above syntactical pattern as the argument, the first function and the second function per- ;
form the operations as explained in exampic 1. However, since the verb ie VTD, the English word ;
inserted is “which” instead of “by which,” and i{; takes the subjective case and the verb is in the
active 1oice. =
%
3. [KCT], + N + VTA + KLI + LXX + XLT + HM
KPI j
s . *
q & ¥R he HEEFFEHE 84
!
ECT ;
+ N + KCi - KPI+m+N1+VTAZ+KLI+L)Q(3+KLT+HM4+N5+KRT
| .
¥ i :
KCT 34
+ KCl -~ KDi + KRI + NXXXXXRXXX: + that + NX| (XX XSXX,
- 1
(crimes that Kennedy’s government '
|
K .
+ VTAXXXXXXHXX! XA, + KLI+ LXX, + KLT + KRT + KCI .
adds on the U.S. Com-
munist Party) -
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Thgv above example illustrates the occurrence of 2 collocative structure within the noun phrase-
relativé clause. The collocative siTucture is reordered to follow the verb. The English wofd
“that” is inserted, since the relative clause pattern shows the picper form of translation for this
structure.

VTA }+

4 Vs“m*'[v'm+ JC + VTX

N

% A e I CREMEY AR F KA

+ HM
R B 0 § #

XC1 . VTA
+ N +[KPT]-VSI+ m+m+[VTA+JC+VTX],+-N2+ HM3+N4

SR ] ,

l VT
KCi B - e . 3 & A
+ KRT +[KPT] - V51 + KV + KRI + N%} {XXXXXX, + that +[VTWQJ$ faxx

A {(internationalists that sympathize with
by KCI]
VTXXXEXIRKEKE 1 ] NXXXXXXXXX, :
+ JC + RX |+ + KRT + J
and support oppressed people

and oppressed
national liberation
struggle on world )

The avove example illustrates a specific pattern where the verb %(to be) is present. Reordering,
insertion, and masking operations were used for this processing.

These are only a few of the acun phrase-relative clause examples and the operations that have
been illustrated. The difficulties involved in analyzing this type of siructure are in the deter-
misation of initial and terminal points. More sentence patterns should be analyzed for a complete
processing of this type of structure.

4.6 VERE LINKING

After the processing of major phrases and ativibutive structures, verbs are linked to the gub-
ject. At this time, all attributive structure initial and terminal indicators (KXX) are masked, with

4-31

L Y YV

e et A L & | i e+ e e .

- e




the exception of ¥CI, XCT, KP1, and KPT. Only major punctuation initial and terminal indicators
and head words of major phrases remain in the processing sentence. Verb linking seatence pat-
terns are then processed in the form of rules to derive the proper person and number for the verb
and to insert subject or connecting words between clauses.

Table 4-1 contains examples of some of the rules we have found in the course of our analyses
for subject and verb linking.

4.7 ILLUSTRATIONS OF LINGUISTIC PRCCESSING ON A SENTENCE LEVEL

Tables 4-2, 4-3, 4-4, and 4-5 are used o show the step by step linguistic processing utilizing
the techaiques rosulting from the present study. In these examples, sentence 1 (Tables 4-2 and
4-3) is a aimple sentence and sentence 2 (Tables 4-4 and 4-5) is a complex sentence. Each sen-
tence is first presénted in art form, giving the following information:

1. Original Chinese text

2. Gereral translation for individual Chinese words. The lexicographic entry for each word
gives ail English forms with different inflections.

3. Chinese egrammatic tags for individual Chinese words

4. Indication of changes made through the utilization of linguistic rules

5. Resulting English grammatic tags for individua! Chinese wozrds

6. Resulting English translation tiirough the lookup of English grammatic tags

7. Numbers in parentheses in the examples refer tc rule numbers in Tables 4-3 and 4-5 and
also indicate the precedence of rules. '

A list of linguistic rules (Tables 4-3 and 4-5) utilized in the linguistic processing of the sentence
follows the sentence iilustration. The linguistic pass number is indicated in the left column. The
numbers in the right column refer to the precedence of rules.

By using these illustrations it is hoped that the Ynguistic analysis may be further clarificd for
a Chinese to English machine translation system as detailed in this report.
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‘fable 4-1— Verb Linking Sentence Patterns

ViG+,and VIF +, VTA and Other Verbs
VIiBW
1. Look for V8! in the sentence. If any verb is between 1. Ny +{VS1 + N3+ 4+ Vs + Ng
VTG + , or VIF +, and V81 + N + . change the verb _ VTA L A
-to participle form. B : [ [visw S 1
: -~ Ny +| V81 + Ny + 4+ Vs + N
VTG VTA
.Ni‘}‘[VTF]z‘P,s‘P(N)"{'Vs 2
| VT' (".; VIBW
+(N)3+VSI-,+N3+.9~N3+{ 2. N, +1VS1 + Ng+ ,4+ N5 + Vg ... ;
VIF] vTA |, |

(NXXXXXXPXX) ¥
Tt ¢ | VTBW |
+ VXXXXXXXXKKXPXXX; + (NXKXXXXOXX); - Ny + 3% 2+N3+,‘+N5+v6,,,,

+ VSIXYXXXXXXXISXX; + Ng + o

2. K VSl is not in the sentence:

a Ny + [gg]z'l' 3+ N"l' soee

i G -
-.Nl“F- VTF]2+ ,3+ N‘ + cees ) R

3
- N; + [VTG:L +,3+N (:'eproduce

-

the first N preceding {gg]) + Vg ooer s

»

* An arrow from N to V indicates that the verb derives the number and person tags from the noun.
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tes the precedence ©
*0Phe underscore indicates that one or more tag words are masked or deleted. See Tabie 4-3 for details.

“SNumber in parentheses refers to rule number in Table 4-3, and also indica

TR -
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esulting translation.

*1General translation for respective Chinese words. The dictionary entry gives all English forms with different inflections.

¥ Grammatic tags for respective Chinese words and changes made through linguistic rules (Table 4-3).

*15ee-Section 5 for information concerning how the tags are used to choose correct English forms.
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Table 4.3 — Rules Used in Sample Seutence I

" Rules

B2 - KDT + PP+ K¥I

PC-KCI+ PC+ KCT

IAXRE/IC; + $, + UP TO NEXT, + VEXXXXXIXXIXXXXR, = IJC; + $, + UP TO NEXT,
SIA5.¢.9.9.9:0.9.0.9.409.0.9.¢.

NXXEZXZXKXXK, + HNp - e XXPEXKXXE,

AARJXR,; + AJRXXKX, ~ ALRAZX + AJREZEX,

AAXXXX, + GN, ~ ADKNXX, + GN,

ENIO, + VEXSOOCKEXXRXKKKKX, - RVI + VEXNKKXXAXXYXXEK, + KVT
ACRVXX; + GN, + VERXXZIXKRXKXKXKY; - KVI + GN; + VEXXXXXXKXXXGXKX; + ADRVKX, + KVT
KZIX, + vmmm;xmxxxxmxxz+ HM; + NDXXXXXXXX, + KXX5 - KXX,

+ NEXHXAKKIX, + Hily + NDEXOOOOX, + K00K

Ncm, + NAXXXXXXXX, - AJROOT; + NXXXXX1XXX,

KCT)

KP1 +$vmmmmx+(xv'r) + UP TO NEXT + ADRAXY, + AJXXXX, + HM;

KMXj, KWT/,
KCT

+ NEXXRXXXXX, ~ | KPI +$3WMM+(KVT)+U?T0NEXT+ADM,
KM%y XWT/,

+ AJXXXX, + NXXXXX1XXX, ’

KXY + NXXXXXXAXX, + Hi; + NXKXEXXKKK, + K¥X; ~ KXK; + NEXXXKIXXX, + of

+ NXXEXXXOXX, + KXX; -

NEXXXEXIXK, + JC; + HRXXKKKENK; ~ NAKIKITIZKX, + JC, + NXXRXKIXXX,

K& + lemg + VIFXHXXEXKKKXKX K + PCy + NXIPEXXXXXK; + VTAXKIXXXXXXAALX

+ NEXEXKHOLK, + PCy + VTAXKKXXKKXKKIKK, + NXXXXEIKIK o + KPTyy - KBL

+ NX$PRXXSKX, + VIFEXOMKARKIPEK; + PC, + NXIPRXXSXE; + VTAXXKKCIXKAIPRX
+ NXXXXXKOKX, - PC; + VTAKKXXEXLXKILEXK; + NXXXKXKOKX; + PPy

*This is a combination of severai rules, For detalls, see rules in pass 5 of rule file.

Fule

Number

10

1

12

13

14*
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_govermment . .~ adopt ’ decrease actual wages
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‘ o = : VTAOCP0200000000 AARYOT NI3PONO00D
0- NOISONUG00 VTAOB20000300060 - . KRI(27) KVI(20) KVT(20) AJRVOT
~ LR 1 ' KL'T(Z'?) T XKWI{21) KWT(27): NI3PON1000(9) .
NOS3SON1000(12) ) © VTA0CP0200090000, N13PON1009,
NO3SIN1500(32) VTAOB20000003S00(32) ND3SONR000, of  VTAOCPODZ0000F000, )
C 7 ; : ' . ND3SONROUO(28)
! ND3SCNRO00(32)
!l .
§ .
i
g 5government ‘ adonis : policy of decreasing actual &
1
fower people : living standard policy , -
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Table 4-5 ~~ Rules Used in Sample Sentence I

Rules
FP - XPT + PP + K¥P1

"PC - KCI + PC + KCT

TX TX
Sigg|, + SU/IFXRX, = S5z | + IFRKX,

IR - KLI + LIX + KMX
LTX - KMX + LTX + KLT

IXXZXX - KII + m-i-KMX

ADXVEX; + VAXXXXXXXXXXXXXKK, - KVT + VXXXXKXXKXXNXXXKX, + ADXVXX; + KVT
VIGOXXXEIXKKXKEX; + KLI, + LIA; = KWI + VEXXKXXXXXIEXEXX, + KWT + KLI, + LA,

AAXXNX, + NXXXXNXLXX, - AJXXXY, + NXXXXXXAXX,
- : K K
VTEXKXXX KKK KK /NDRKIKKKKR, + |orr] ~ VIEXXKXKXXXKKKKXK,
/ND + [Km]z vi - + [m]z
NDXXXXXXX; + Ammmxz -« NDXXXXXXXX, + NDXXXXXXXX,

NHXXPXXXXX, + NOXXXXXXXX, - NIXXPXXPXX; + NOXXXX1XXX,

NEXEXXXKXXR, + NXXXXXXXXX, -~ NEXPEXXPXX; + NEXXXX1XXX,

AJXXAX, + NXXEXKKKEX, - AJXXXX, + NXXXXX1XXX,
NDXKXXXXX, + NDXXXXXXXX, - AJXXXX, + NDXXXXIXXX,

NCXKX¥XXXXX + NEXXZXXXXX - AJXEXX + NXXXXXIXXX .

NFTXXXXXXX + P8 + (KVI) + VTAXKEXKXKKIOOKK + (KVT) + NXXXKXXXXX + HM
+ NEOCKKNIFE - =0 operation

KXX, + NXXXKXKKXX, + HM; + NXKOUKRKKXKX, + RXK; = KX, + NI 2XKX,

+ of + NEXXXXXOXX, + KKX;

P8 + VTAXXXXKXIRKXIOR /NXKIKKKKKK + NXXKXKKKXX + PS + KVI + VBAXKXKXKXKXXHKK

+ KVT = P8 + XVI + VTAXKXXXXXXXAXXX + KVT + NXOXNXXXX + PS + KVI
yvmmom:qu»xv'r

VTAXKKCHEXRAERXXEX + NXEXXXXXOUX + PS + KVI+VTAX)D§@M+ KVT 4+ NXXXXXXXXX
+ P8+ KVi+ VTMW»KVI+VTAW+ KVT + NXXXXXXXXX + PS
+ KVI + VTAXXXXXXXXKNX & KVT + NXXXOIXKXX + PS + KVI + VTAXKXXXXXKXKXKX

-z
, &

A FullToxt Provided by ERIC

Rule
Number

—t

~n

(-]

5

12
13
14
15

16

17

13

15

20

§
:
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G

FORAS I LD R YA AR S




Table 4-5 — Rules Used in Sample Sentence I (Cont.)

Rule
Pass Rules Number
3a-1 XLI: + LIX,-+ KMX, + SKXX;+ UP TO NEXT + KMX; + LTX; + KLT; + 3KLTg+ UP TO NEXT
" ———r—— —

+ [gfr]s - KL + LIX, + LTX; + KMX; + SKXX; + UP TO NEXT + KLT1; + $KXX; + UP TO NEXT

, Kcr]

T |XPTje 21
3&-2 LID; + LTAz - LI11 + LT!z 22

LIA; + LTB, - LIly + LTI, 23
3A-3 KLI1 + I.XX + (LX) + KMX + NXXIXCIXXX + KLT1 - KLI1 + EXX + (LXX) + KMX + NXXXEOXK 24

+ KL11
3D - KII,_+IX}QO(2+IGVIX3+N)DQCXEO{}DQ(4+KW15~IGI,+DQ{)0{2+KMX3+N)GO{X:Q{}OQ(‘+KIT 25 .

+ KWl; .

KII, + IXEXX, + KMX; + NXXXKXXXEX, + KITs

- KiI; + XXX, + KMX; + NXXXXXXOXX, + KIT; 26

4 VTAXXXXXOEXHXKXX + KVI + VTAXEEXXXXRZXXXX + KVT + NXXXEXXXXX + PS + KVI
+ VTAOCOKXXKXXKX + KVT + NXXXXXXXEX + KVI + VTAXXXXXXXXXXKXXX + KVT
+ NXOOKIEXN + HM + NXKEXXXXXX - KVI + VTAXCTKRXXXXXXX + KVT + KRI + KWI
+ VTAXXXXXXEXXKIXXX + KWT + NXOKXXXXX + PS + KW + VTAXXXXXXXXXXKKX + KWT
+ NXXXXIXXXX + PS § KWI - VTAXXXXAKKXXXXEX + KWT + NXOXXXXXXX + HM :

+ NEXXXXXXXX + KRT

KRI, + KWI, + VTAXXXXXXXKXKKXX, + KWT; + NXKXXKXKKK; + PSs + KWI

27

+ VTAXKXKKXAKXKKKKXK + KWTy + NXXKXKXXKK o + PSyy + KWI, + VTAXXXXXXXKXXXKX 13
+ KWTy + NXXXXXXXKK5 + HM; + NXXXKXXXXX; — NXXKXXRXXX (7 + of
+ VTAXOKKXX XX PEXK; + NEXXKXKOXX; + PS; + VTAXKEXXKXHKPXXK, + NXXXAKXKOXX 10

+ PSy + VTAXKKXXXXXKTXXK; £ NXKKXKKOKXK ;5

KII; + IXRRX, + KIT, + KWI; + VXXXXXXKXXKXKXXKX; + KWTg + KLE; -
+ VEXXEXKKXKAKXLKKXK s + KWT; + KiI; + IXRRX, + KIT; + KLI;

KCI ]

KLIX + LXX + KLTX + {KPT_,

~KLIX + LXX + KLTX + [

e

KO + IFIOXX + KIT - NXOOXXXXXK

KWI,

28

29

30

31

5 NX3SXIAXKK + VTAXKKOOCOIX XX XKK + NXXKXAKKKXK + , + VTAXKOOOOKKKKKK

+ NXXOOXXK - NXISXXKSXX + VTAXXXXXXAKX35XX + NXXXXXXOXX + ,

+ VTAXXXXIXHXKISKX + NXXKXKXXOXX

*'This i8 a combination of several rules. For details, see rules in pass 5 of rule file.
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5. ENGLISH WORD INFLECTIONS

In English output the final forms of nouns, adjectives, adverbs, and verbs are composed by
adding auxiliaries and endings to the English words in the translation section of the dictionary
entry cards. The form that these words are to assume in t{ranslation is determined by the Exnglish
tags. The auxiliaries and endings to be added to each English word are listed in the tables des-

cribed belisw.

English woras in the transiation section are listed in stem form. The end of the siem i‘s
marked by a 0. Directly following the 0 are tags that designate the tables in which auxiliaries and
endings are to be looked up for addition to the English stem. These tags are distinguished by the
_nitial jetters N (noun), A (adjective and/or adverb), and V (verb). Following the initial letters are
two or three letters and/or numbers designating the appropriate tables. In the event that a word
is too irregular to be declined according to the tables, its separate forms will be listed in a column

in the translation section of the dictionary entry card.
‘ ¢

This section contains descriptions of tags and tabies to be used for English stems in the nomi-
nal, adjectival-adverbial, and verbal categories. Appendix C contains tables showing the forms

verbals will take as the relevant variables in the English grammatic tags are changed.

5.1 NOUN INFLECTIONS

Nouns have four possible forms: singular nominative, singular possessive, plural nominative,
and plural possessive, Singular and plural forms are determined by S or P in the fcurth tag of the
nominal tag word, Nominative and possessive forms are determined by X or P in the eighth tag.

These four forms of the noun are made by adding endings to the stem form of the translation.

Three table designators—a letter, a number, and a letter—are written directly after the ON
that follows the stem. The table designators indica : which endir{gs are to be added to the stem and
where the additions are to be made. The first table designator specifies what endings are to be
added to form the singular and plural. The second table designator indicates which word in the

9-1




N

stem is to be pluralized, and the third table designator tells how the possessive is created. For
example, the gtem and table designators DOGONS0A would take‘ e following forms with the four
possible variations of the nominal tag word:

1. NXSXXXXXXX (singular nominative): dog
2. NXSXXXXPXX (singular possessive): dog’s
3. NXPXXXXXXX (plural nominative): dogs
4, NXPXXXXPXX-(plural possessive): dogs’

5.1.1 Singular and Plural Table Designators

The {irst table designator is a letter indicating the manners of forming singular and plural

nouns show}l in Table 5-1,

5.1,2 Plural Position Table Dsesignators

The numbers 0, 1, 2, and 3 indicate which word in the stem is to be pluralized, as shown in

Table 5-2,

5.1.3 Possessive Table Designators

The letters A, B, and C designate the three tables of possessive endings, shown in Table 5-3,
that are always added to the end of the singular or plural word.

5.1.4 Irregular Nouns

Irregular nouns that form the plural in a manner other than that covered in Table 5-1 wiil

be manually eatered in the translation gection of the dictionary entry card in the following order:

1. NXSXXXXXXX (singular nominative): person
2. NXSXXXXPXX (singular possessive): person’s
3. NXPXXXMXXX (plural nominative): people

4, NXPXXXXPXX (plural possessive): people’s

5.1.5 Examples

The following examples show the English inflection translation process:
1. REVOLUTIONARY BASEONSO0A: - NXSXXXXXXX (revolutionary base)
NXSXXXXPXX (reveiutionary base’s)
NXPXXXXXXX (revolutionary bases)
NXPXX¥XPXX (revolutionary bas:s’)
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Table 5-2 — Plural Position Table Designators [
j
Number Word Pluralized Examples { }
0 last Communist Parties .
1 first friends: of peace ;
2 second international agreements on human rights .
3 first and third fathers and sons :
¥
|
.
i X
¢
i
Table 5-3 — Possessive Table Designators f
i
Letter Word Made Possessive Exampies 3
A S—Singular nominative 4 -’s dog’s
P—DPlural nominative +’ dogs’ ,
!
B S—Singular nominative + -’s  sheep’s :
P—Plural nominative + -’s sheep’s ’ i
PN
C 8——Singular nominative + ' puppet of the United States’ :
P—Plural nominative +’ pupp2ts of the United States’ ;
]
{
, !
|
|
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2. M OF LETTERSONA1C: NASXXXXXYX (man of letters)

NXSXXXXPXX (man of letters’)
NXPXXXXXXX (men of letters)
NXPXXXXPXX (men of letters’)

3. PROLETARIATONIOB: NXSXXXXXXX (proletariat)

NXSXXXXPXX (proletariat’s)

4. TROOPSONPOC: NXPXXXXXXX (troops)

NXPXXXXPXX (troops’)

5.2 ADJECTIVE AND ADVERB AUXILIARIES AND INFLECTIONY

The adjectival and adverpial forme (AJ and AD) normally have regular,l comparative, and
superlative forms (R, C, and S) made by adding auxiliaries and/or endings to the stem form of the
English translation. The additions to a given stem will be specified by the addition of two table
designators written directly following the 0A at the end of the stem. The first table designator
specifies how the different forms of the adjective are created. The second table designator speci-

ties how the different forms of the adverb are made from the adjective stem.

9.2.1 ‘Adjective Formation

Table 5-4 shows the letters that designate common pattern of adjéctive formation.

5.2.2 Adverb Formation

Adverbs normally conform to the ending tables shown in Table 5-5.

5.2.3 Examples

1. PEACEFULOAML: AJR (peaceiul)

AJC (more peaceful)
AJS (most peaceful)

‘J " ADR (peacefully)

ADC (more peacefully)

o - ADS (most peacefully)

L 2. CLUMSOAYE: AJR (clumsy)

AJC (clumsier)
AJS (clumsiest)
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Table 5-4 — Adjectiv2 Table Designators
Table Adjectival
Designator Ending Table Examples
0 No table No adjectival form
M R—stem + 0 progresgiv
C—more + stem more progressive
S—~most + stem most progressive
L R—stem + -~le capable (aote stem “capab”) :
C—more + stem + <le  more capable 2
’ i
S—most + stem + ~le most capable ;
g R R—stem + 0 white ;
wﬂ;t 1
- C—stem + -r * whiter
S—stem + -st whitest
E R—stem + 0 fast
- C-—stera + -er faster
S-—gtem + ~est fastest
) Y R—stem + -y funny
e C—stem + -ier funnier
: S—stem + -iest funniest r‘
3
i
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Table 5-5 — Adverb Table Designators
Table Adverbial _
Designator - Ending Table 'Esga.mples
0 No table No adverbial form
R R—stem + 0 late
- C—stem + -1 later
i § - S—stem + -8t latest
; ' q E R—stem + 0 soon
] ; _ C—stem + -er sooner-
3 : S—stem + -est soonest
i
? , Y R—stem + -y early (note stem form “earl”)
k : ,
! C—stem + -ier earlier-
! E S—stem + -iest earliest
A R—stem + -ally scientificaily
;% 3 C—more + stem + -ally  more scientifically
S—most + stem + -ally most scientifically
1 R—stem + -ily hungrily
_ C—more + stem + -ily more hungrily
- S—most + stem + -ily most hungrily
F ' L . R—stem + -ly treacherously
' - . ‘ C—more + stem + =ly more treacherously
. S~—most + stem + -1,  most treacherously




ADR (clumsily)
ADC (more clumsily)
ADS (most clumsily)

3. COUNTERREVOLUTIONARYO0AMO: AJR (counterrevolutionary)
AJC (more counterrevolutionary)

AJS (most counterrevolutionary)

5.3 VERBS3

All English verb forms may be made by adding various kinds of auxiliaries and endings to a
basic verb stem. These additions may be listed in table fcrm with ap;iropriate code letters so that
they can be looked up and combined in accordance with the person, number, tense aspect, and mode
as specified by positions 12 through 16 in the English tag. The tables of verb components are
listed below under five headings: (1) verb stems and endings, (2) forms of the verb “to be,” -

(3) auxiliary verbs, (4) infinitive auxiliaries, and (5) positmodal auxiliaries.

In the following verb tables these letters are used to designate the various Kinds of verb

components:

V—verb stem plus ending
B—forms of the verb “to be”
A—auxiliary verbs (positive)

1

2

3

4. D—auxiliary verbs (negative)

5, I—infinitive auxiliaries (positive and negative)
6

G—postmodal auxiliaries (positive and negative)

5.3,1 Verb Stems Plus Endings

Each verb stem has the six basic forms chown in Table 5-6. The manner in which a verb
stem assumes these forms is shown by three table designators written after the OV at the end of
the stem. The first table designator indicates formation of forms V1 through V4, The second

determinses forms V5 and V6, The third table designator specifies which word in the verb stem is

to change form,

Forms V1 Through V4, The letters S, E, C, V, and Y indicate the most common forms of

stem change for English verbs, as shown in Table 5-7.

Forms V5 and V6., Weak or regular verbs commonly form the past and past participle in the

manner indicated by the table designators E, C, Y, and O in Table 5-8.
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Number

Examples
Kili go
kiil go
kills goes
killing going
tokill togo

Table 5-6 — The Six Basic Verb Stem Forms

lov
love
loves
loving

to love

RO M

Form
0 Stem
Vi Present, 1S
V2 Present, 3S
V3 Present participile
V4 Infinitive
va Past
V6 Past participle

killed went loved
killed gone loved

Table 5-7 — The Most Common Forms of Stem Change for English Verbs

Table
Designator ,

S

Verb
Ending
V1l—stem + 0
V2—stem + -s
V3—stem + -ing
V4—to + stem + 0

Vi-—stem + 0
V2—stem + -es
V3—stem + -ing

V4—~to + stem + 0

Vi—stem + 0

V2—stem + -s

V3~-stem + consonant + -ing

V4—to + stem + 0

V1l—sgtem + -e
ViZ—stem + -es
Vi—stem + -ing

Vé—~to + stem + -e

Vi—stem + -y

V2—stem + -~ies

V3—stem + ~ying

Vé~-to + stem + -y

spell
spells
spelling
to spell

push
pushes
pushing
tu push

grin
grins
grinning (note doubled conscnant)

to grin

love (note that stem lacks vowel “e”)

loves
loving

to love

try
tries
irying
to try -
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s Table.5-8 — Forms of Stem Changes 1

L s . for Weak or Regular Verbs g

"’. . ;

- , Table Vert t
. Designator Ending Examples -
o i

; o E V5—stem + ~ed spelled :
0 V6—stem + ed spelied i

: ) |

C V5—stem + consonant + -ed grinned &
Yé—stem + consonant + -ed grinned 'h

i
Y Vs—stem + -ied tried ;.

V6—stem + ~ied tried ‘

0 V5—stem + 0 put

V6~stem + 0 put

: y
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Verb Stem Positiona Indicator. A number is used to specify which word in a verb stem is to .
change form. A 0 indicates that the ending is addeqd to f:he last word in the stem, a 1that itis added to

the first word (if the stem has more than one word), a 2 tha: is added to the second word, etc.

Irregular Verbs. In the case of verbs that are too irregular for the past and past participie

forms tc be predicted by the above tables, these forms will simply be listed, in the translation

Aumr—. e s W s g

section of the dictionary entry card, preceded by V5 and V6. Thus a word like “see’” would show

SEEQVS0 in the translstion section, directly beneath which would be listed V5SAW and V6SEEN.

— . ——

Examples. The examples in Table 5-9 show the stem and table designators above the six verb

{ ) forms specified by them.
. 5.3.2 Forms of the Verb “ To Be” :
; The verb “to be” is the most irregular verb in English. Consequently, its various forias
f ke cannot be predicted by a stein and table of exdings. A total of nine different spellings must be
L l"
! | listed separately (Table 5~10).
§ g ir
b Forms of the verb *tobe” not shownin Table 5-10 may be made frora auxiliary verbs, infinitive

auxiliaries, and postmodal avxiliaries with or without the addition of the forms shown.

W'nenl the verb “to be” is part of a verb stem listed in the translation section of a dictionary
entry card, it will appear as the letter B. For exampie, the stem of the verb “to be stupid” will
appear as B STUPIDOVBO01. Note that for the verb “to be” the first table designator will show the
letter B and the second will always be 0 (because the fifth and sixth verb forms are already in-

cluded in the B table).

)

t

5.3.3 Auxiliary Verbs

>
K.

., Q‘.:‘

B " -
19
\

All auxiliary verbs help to form all tenses except the present and past and are the same for all
verbs except the verb “to be.” In the case of “to Le,” the same set of auxiliaries may be utilized,

but in slightly different tenses. Tables 5-11 thruugh 5-14 show ali possible auxiliary forms in

4..._-,..,_..__,_.‘_
NL
L 4

both positive and negative form. Those forms that do not have a number do not occur in the pres-

ent Chinese to English MT system and are included here for information purposes only.

T Rt b

Positive Auxiliary Verbs. There are 18 numbered auxiliary verbs that can occur in English

output, as seen in Table 5-11,

Negative Auxiliary Verbs. The number of negative auxiliaries is three greater than the

number of positive auxiliaries because cf the necessity to negate the present and »ast forms of the
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works
‘working

o bt work

" worked
worked

Number

B1
B2
B3
B4
‘B5
s
BY

-

- B8
B9

an

- - A

fly - - _orgehize

flies 4-’_'pi'ganiées. -
flying © * organizing’ -
tofly - to organize

0 (flew) - organized

-0 (fown) . Grganized

Na;me
First person singular (present)
Second person singular (present)
Third person singular (present)
First person singular (past)
Second person éingﬁlar (past)
Infimtive ) .
Infinitive minus"; to”
Present participie
‘Past participle '

,,,,,,,,,

" "Pakle 5-0 — Esxamples of Verb Stems:and Efding Formations

'0  WORKOVSE0 FLOVY00 = ORGANIZOVVEO OCCUP BY FORCEGVYY!

“occupy by force
occupies by force
oceupying by force’

N t&-occupif bj_for‘ce

occupied by force
secupied by force

Table 5-10 — Nine Forms of the Verb “ To Be”

Examples

am

Py

was
were
to be
"be -
being

been

Yy - -7
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‘ L. SR . o - -, Tatle 5-11 + ﬁuxii_ia?s" Verbs That Can Cceur in English Qofpat "> | .-
‘ ~ nNufnhér . P - T Name ) - Examples
% -. T Al - First pez:sorr' singu}a:r'present-pe.z:.fect active - .' R haye T
‘ a - . A2 Third person singular present pex'ieqt active hag
g : : A3 - First person singuldr past perfect active - : ' “had = '
| - ) A+ Firstperson singular future active, ' - S wa,
L{ % A5 - First person.siﬁgulér future >peffect active - ) will have
, ‘% ' . A_ﬁ _' " . First person singuiar pre§emé progressive gctive: - -am
R ‘ A7 . Secopd person sinzular present progressive active are )
4 % : A8 - Third person simgular presen: pré'gr;essive active is’
fs | 3”1; AQ o First person sing{ﬂa? prgs_ent perfect prégressi;.fé active * have been
L g AlQ Third person singular présent ~1_Jerfecf: progressive active has been
:‘ %-é -All First person zingular past progressive ?cﬁve was
T‘ g " A2 Second persoin singular past progressive active were
F »—_ § Al3 First perscn singular. past perfect progressive active had been .
E . Alg First person singular future progressive active . will be -
) 42 Al5 First person singular future perfect progressive active \_viil hzve been
» § AlG First nerson singvlar present progressive passive am being
E A}? ,'Second persen smg*alar present pi-cgressive passive' are 'being
2 ‘ £38 - Third parscn singular present progressive passive ' is being
E A First person singvlar present perfect progressive passive {have been being)
;’3'_'~ Third person singular present periect progressive passive . . {has been being)
F A E;rst person singular past progres,f;ive passive - (was being) --
A Second person singular past progressive passive (were being)
A T'arsi person singuiar pasi- perfect progressive passive (had been being)
A First person singular future gii'ogressiye passive "(will be being) '
A First person singular future perfect progressive passive (will have been being)
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Infimﬁveforms a::e znaue by the adﬁrion of anapprdpriafe aexmary to Q V or B form:- Botd
posmve and negaﬁve forms are listed i Table 5-13, “Ten of ;hese forms may appear in English

outpnt‘ ’

.

V.3 5 Postmodal Auxiiiaries

Since verbs iollowing moaals (ccn,l:l, mu,st, etc.) take aumlmxes that are reaLy Lnfmmves
;mnus the mihal “to * a special table of auxil.ianes is reqmred. 'Nine positive and negative forms

-are hsted mTable 5 14

5 4 NGUN ADJECTIW-ADVERB AMD VERB TABLE DESI(‘NATORS

Table 5-15 is providea as a brief guide to be used by hng'aisa 5&1*“ cut dictionary enﬁrj}
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- Table 5-12 — Negative Auxiliary Verbs

Nsme

- -

? °t person s’mgu.ar m'es t‘xve

" Third person singular present act:ve

_ First person smgular preseﬁf; perfect actxve

Tiﬁrd PErsSon singular present perfect active

First person singular past active .

First person smgular past perfect actlve T

First person smgmar »‘uture active

Flrst person singular future perfect active

Fzrst person singular present pragresswe achve

Seeond person smgular present progresswe active
Third person singular present progressive,active

First person sinzgular present perfect progressive active
Third person singular present perfect progressive active
First person singular past progressive active .
Third person singular past progressive active

First person singular past periect progresswe active

" First person singular future progressive active

First person singular future perfect active

First person singular present progressive passive
\Second person singilar present progressive passive

Third person singular present progressive pa'ssive

First person singular present perfect progressive passive

» .

Third person singular present perfect- progressive pagsive '

 First pérson singulur past progresszve passive
Second person gingular past progressive passive

First person singular past perfect pr_ogresswe passive
Firsf person smgular future prog_ressive,passive

First person singular future perfect progressive passive

'
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§ Examples. .

as .

do nst '

does not

have not
has not

did not

l;ad not

wili not

will not have

S

are n;)t

is not

‘have pot been

has not been

was not

were not

had not been

will not be

will not have been

am not being

EY

are not be:ing

is not being

(have not been being)
(has not been being)
{was not-being)
(were rot being)
(had not been being)
(will not be beirg)

(will not havs “een being)
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Word Indicator
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WO
1 (first worg}

£
2 (second word)

0 (las
3 (third word)

.

C(+ consonant + -ed)

E (ctem + ~2d)

B

‘s

S (38 adds™-s)

' G {no ‘t/_ahl'e_) _

B (all forms of “to be”)

E {38 adds ~-es)

{Stem + 0)

C (conscnant + -ing)

'V (1S adds -e to stem)

g3 ~y to stem)

Y (1S
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6. CONCLUSIONS -4ND RECOMME NDATIONS

" The fm.t year of Imguistic studies for Chinese to English machme iransiation hzs proﬁuced
éome very significant res *:dts ia estahdshing a general Iingmistzc processmg syzstem for (.hmese
to English MT. The tasks accomp;ished through the en‘orts of the lingmsﬁc and programmmg
groups aliow this stfddy to be efiethe for a programmeq system for further refinement and

“a

_ develspment,
The tasks accomnl shed duriig this pe iod are as follows: '

Q 1. A general linguistic MT system, beginning from the Chinese input by Chicoder to the
ou‘cput of English words, detaﬂmg specific linguistic passes and the operaﬁons necessary tc reach

Wt

memr.«mmmmmmmmrmmmws.umwmwmwﬁmwm%m%mw
- "L T . . E . X L: 7 ‘:. o} h

the goal of the target language ontput, was developed.

QO

2. Mbrphological analyses }:esulting in the setting up of table formats for word classes and
their subtags were carried cut, Within these word classes and thezz- subtags, flexibzhty is ai-
lowed for exzpansion and/ or revision. Lexicographic entries can be made on 2 systematic pro-

- duction basis. As a result, 15,000 Chinese input entries ‘and 30,000 English output entries plus

input aad output entries of general vocabulary based on linguistic analysis are put on maénetic
‘tape., '

3. Syntactical analyses werg performed; with the following resulis:

e The esiablishment of linguistic rules for resolving ambiguities, phrase and structure

" recognition, word reordering, etc. L e -

o The organization of these .linguiétic rules into a system wherein certain operations and

items are sequenced for logic operations

‘ '
M T e bt N

‘6 The writing of ovar 1,000 linguistic rules in symbolic notation to process linguistic
-. structures discovered in'the linguistic analysis, .

4. Genera.& Englislz outpuf with ail the inﬁectmn forms for nominals verbals, and adjectival

advezbials set up in table format for lexicographic and programming operations.

-

o | - 6-1
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o 5 Sentenca strurtures a.ad patterns were analyzed for general format for sub;ect to verb to
".‘ : cb;ect linking o -

-

. _6: 1eanng of Ii:r‘mieno rules by machine was mitiated and is a ccntinumg process to aid the
e : o -, progresa of Itnguistic research T ' -

~e - - .- . . -

tjr - . ..
) For a fine sv.»tem of "hmese to English m chine trans}atim, refinement and developmen. of

3 the basic system. that we now have are necessary. It is tnerefore proposed that future work con-
centra.te on the reﬁnemant and amphﬁcation of this system. .General items of work to be con-

51der°d for the future ai*ould include the following'

[
.
2y

S

¥
U
Lo

.
¥

BN ‘1, Study of scie’mﬁc texis in thesource 1anguage to aliow resear c‘a for ary variances in

rframmatlca.l atrucmres and. for any elaboratlon of these structures - o~

Nl
R
iR

o
$oN

l '_[_

2. Expansion of morpholmcal tag classihcatu:n and hngulshc rules based on study of texts

3. Furth er aualysis of sentence patterns te expand detaxlea operatxons of lmkmg of major

phrases
4 -Addition of lexicographic entiries for linguistic study purposes
5. Refinement and further development ot the linguistic' precessing system

6. Continuous computer testing oz linguistic rules, linguistic passes, and correlation of one
pass to anotﬁer, as well as special testing of English output with all the inflection forms, for the
purpose of testing the validity of the linguistic systems.

Specifically, the details for the'proposed work can be divided into two categories, morphology
and syntax. Although these details are considered io be two categories, in the actual process of

3

linguistic analysis both will be utilized simultanecusly to prcéuce the best resuits.

6.1 MORPHOLOGY

Future morphological work shouid include the following:

"1, Addition: of iexicographic entries of scientific terminclogy should be ma&e either from one
particular fieid or from general scientific texts. These entries can be utilized for testing

purposes.

2. Addition of lexicographic entries should include all common verbs, nours, and idiomatic

expressions to ensure proper application of the linguistic rules in the processing system.

3'. Proverbs that are quofed frequently should be entered in lexicographic entries and clas-

sified accordingly.
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; Further analysts of the verbs should include:

* Information concérning the possible kind af subject each verb may take. Atleasta
majdr di‘visién bat\veen humau verbs and those verbs that are related only to abstract

iieldg such as science gciftics. and econcmics should be made. -

° Imormacicm crrcar;ting the rela’é.onsh.p between certain verbs and the object, If the
relationship is 50 clage that it influences the Enghsh equ‘valent woras, tag modifica-
tions and a.dd"'on of li_ngmstzc n.les will he needed

'T;‘urther aﬂjecﬁval-adverbiﬁ ané.lysis concerm.ng information of certain adjectives that
cause the verb *to be” to 'be Omitted i8 necessary. Addition of linguistic rules should be
tudied for adverbs and supplemented : aceordingly.

Since the present collocative tag word does not carry the information concerning its ad-
jectival form, this information should be added.

Par miton pa

7. Si’ngle character' verbs chould be fuz't.her analyzed.

8. Specizl tags should be added in the verb tag word for verbs whose subjects are cmitted.

-

9. The auxiliary English verk table should be set up and an appropriate tag system made for
the G class so that “can” and “may” can be conjugated.

16, New classes should be created for words that have not Lieen classified ir the present

-

system.

6.2 SYNTAX
Future syntactical work shouid include the foilowing:

A study should be made on the finding of proper names so that any proper name will be
found and tagged accordingly before the sentence enters the grammatic analysis procesging

phase in the scheme.

o

Since the English sentence structure seldom omits the subject except ir imperative sen-
te. s, and since the Chinege sentsnce often omits the subject after it is mentioned once, a
study should be made"’s&%}wg the resulting translation will be natural English.

More study should be made on collocative structures, connominal phrases, and noun

phrase-~relative clauses so that these structures can be safely extended over commas.

Studies should be made on collocative structures, connominal phrases, and noun




_ bbrase;relatlve,c!auses so that new,zia&éi‘ifsf may bé discovered and more natural trans-
‘lations may be:detized for these structures. = .- . - -

B, Syntacﬁ«:al siﬁdy skoiild be made for ﬂéﬁiﬁﬁaﬁve stmictues and i derrogative sentences,
Appropriate tag words hnguistic rules, aniG English equxvaleut structures should be made
¢ for this: study.

e 6." Skidles should be made for maghine réccgnitibn of _ain clauses and subordinate clauses.
T Addition o‘ English articles for smoother u'anz'atlon should be studied.
8. Concoruances of problem words and single cha,mcters should be made.

9. More parsing of texts is8 recommended.

Past experience has demonstrated that greater progress can be made in this area of liagy -
research if the linguistic analyzis is supplemented by computer testing. It is therefore suggested
that program testing of rules, passes, and English output be continued to test the validity and the
systematic operation of the linguistic ruies.
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Appendix A

EXPLANATION OF SYMBOLS FOR LINGUISTIC RULES

BASIC RULE FORMAT

Ay +B/P)+K~}=~-C;+D+B,

»

The above is the basic linguistic rule format, and ali other formats are derived from it. The
following are the explanations of the symbols used.

1. +-—the plus sign represents the boundars' between grammatical tag words belonging to dif-
ferent Chinese words, or morphemes as segmented and tagged according to the dicticnary entries.

2. Letters—the first letter after every plus sign or at the beginning of each rule represents
the first tag letter of each tag word. For example, +N represents the words “foliowed by a nom-
inal”; +A represents “followed by an adjectival adverbial.” If no more letters follow this first
letterr‘or if this letter is followed by another +, then it is understood that this first letter represents
the entire tag word of the class it indicates, with the rest of the tag werd filled by X, to be ex-
plained later in this Appendix. Therefuore:

+ A + is the same as + AXXXXX +

+ N + ig the same as + NXOOOXXXX +

If the first leiter is followzd by ancther letter with no number above it, then the two )etters repre-
sent the first iwo tag letters of the tag word Therefore:

+ AJ + is the same as + AJKKXX +

3_» EN + is:_.‘tire sameas + EN"X *

If there isa nﬁmber above the lettér following the first letter, the ;umber indicates the tag number
of the letter ﬁelow it. T,herefore.




: -The resudt of cohmbﬁﬂrig' the above tWo ﬁoint‘s iss

NTD represents NTXXXXXXDX :

\
. _ S . !
VTA! represents VTAZXXXIXXXXXXXX 4

B
i
z

(For the exact .ength of eve: y tag word, see tables in Section 3.)

‘3. ~—the tilde is used when the rest of the tag word is occupied by X’s. The superscnpt to
a tilde indicates the numbez of the last ¢ tag to be fﬂledby X. Therefors:
VTA ~ -means VTAXXICIEXXXXXXEX

Vv ~ # Y3SPA means VXXXXXXXXXXV3ISPA

/~if a letter or a group of letters is followed by a slash and another letter or a group of
letters, it is understood that the actual Chinese word owning these two groups of letters falls into

two graminatical classes represented by these two tag words, i.e., that this word is a grammatic
ambiguity. Some Chinesz words fzil into three or four grammatic classes. The different tag
words indicating the classes are divided by slashes. The order of the classes thus represented is:
R/A/L/Sﬂ/JN)E/i‘I/U/G/O/H/P. Therefore if a word fails into classes S and A, the symbol w:ll
be A/S or AXXXXX/SX. If a word falls into classes ¥, L, J, and N, the symbol will be L/J/V/N or
LXX/JX/ VXXX XXX XXX XXX /NXX X XKKKKX,

5. Number—the eubscripts to the letters of the aiphabel represent the sequential number of
the word stream, A, + B, + K; means that tag word A is immediately followed by tag word B,
which is immediately followed by tag word K. -

¥a
Py L o

6. —when a letter or a series of letters is underlined, it means that the tag words
represented by-the letter are masked. Masking means that the underscored tag words will bz
treated as if they were not there in subsequent. linguistic passes, but they will be translated ac-
cordingly in the output. ‘This is the technique by which the head of a noun phrase is shown to bt

, the representative of the noun phrase, ete. Masking should- by- 10 meaus be confused with déleting.

| ‘ ‘7 - the material on the left side of the arrow-is fhe aifg’ument and tbat on the right is the
function* ’Whatever is on the left is rephced bs whatever is«cn»tﬁevright.

f/)!a.
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"follovaed bytag word K, tag word ?i is fang

OTHER SYMBOLS.:*
1 X—X represents any letter or :mmser in its position. . Therefore, NX will represent all the
noun types, and AXC will ’epresem: all the ad;ectivals and-adverbialg that are in the comparative

degree.

-9, { y—when parenthesés appear in a rule, it means that whatever is included in the paran-
theses may be found in that positiofi; Theeeiore, A+ (B + D) + C represents the two sequences:

A+B+D+C

A+¢C
A + (B) + C + (D)representsthe four sequences:

A+B+C
A+C
L+B+C+B'
A+C+D

3. [ ]~ when brackets appear in a rule, it means that there isa choice between or armong
hatever is inc!eded Therefore, A + (B: + D }'eptesents the two sequences:

WA DI 2 1 I

)
6 .

~

SV &y
RS T A

o
P

N
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WLOVER VTN
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%+ ¢+ UPTONEXT + Y

Z+$W+ UPTONERT + Y

P
Z+8W+ UPTONEXT + Y

$W + UPTONEXT + ¥

2
$W+ UPTONEXT + ¥

W+ ¥

it

"+ f'(iiﬁ'ia

s ﬁmamvgg\xc;m Km' {:ule does ot

%iéis}- Y i8:fouid, rale applies; & nioty
rule does not apply.

Start looking for ¥ from 2, siop looking for
Y wherwmeeting KPT (rule does not apply):
ifYis founq, rulz applies; if not, rule does
net apply.

Start lockiag for Y from 2, stop looking for
Y when mseting KCI, XPT or W (rule does
not apply): i ¥ i3 found, rule appiies; if
not, rule does nct arply.

Start looking for Y from Z, stop lecking for
Y whes meeting KPT or W (rule does not
apply): if Y i3 found, ruie applies: if not,
rule does not apply.

Start looking for Y from preceding KCT or
KPI, stop iooking for Y when meeting KCj,
KPT, or W (r:ie cdoes not apply): ¥ Y is
found, rule applies; if aot, rulc does not
apoly.

Start looking for Y from KPI, astop looking for

Y whea rzeeting KPT or W (rule does not apply):

if ¥ is found, zale appifes; if not, rule dess not
apply.

2w m'méaﬁtelys grécedes Y; rule does not
'applyyotberwise rule-applies.

If ‘W %mihedip,tely Hollows Y, riule does not apply;

oiher,vgur. édle applies.
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Appendix B

LISTINGS OF COMPUTER EXPERMENTATION

This Appendix presenis the listing of computer processing from Chinese to English, including
Chinege text {both in Chinese and Chicodes), dictioaary I, cutput of pass 1, dictionary II, output of
vass 2, dictionary I, output of pass 3, and final output of English after the inflection process.

CHINESE TEXT IN CHINESE AND CHICODES

1v52/fh14/vill/es11/e911/1v11 /3831 /8yil/fr11/ss14/e911/1v11/4j12 /bs14/dpl1/uh12/yhil/
iﬁfi:]—-»{f-,“"‘.hq'é);.&ji'e bgiki%j

1vi2/cill/qs11/0011/4i11/5e11/km13/qwi2/xull/vi11/wg13/5y21/xg31/ch11/ak12/skil/8011/
KA A KRB OEF A WL Ak P LA
qwlz/mli/v’iﬁ/rgﬂilﬁil/lvll/jhzl/htlﬁ/jkl1/fh14/vf11/ssll/e911/vf1l/sull/dp11/1v12/
CE TR IR SRS A S O LA BE L £ .
DICTIONARY 1
Pseudo-Chicodes and Chinese
Chicodes Grammatic Tags ’
ch1l/ak12/  vaaaaa/vta0002000000000)
eill/ 122a00/nr: 18pm0000)
dpl1/uh12/  vaabaa/vi00000000000000)
e911/. n7ab00/nt3s0n00u0)
thi4/ 222200/aarv0t)
"fri1/ uaaa00/up)
jh21/ht15/ vaaaaa/vthOOOOOOOOOOOO)
111/ r2a00/zs) -
~ kmi3/ e22a00/ept0)
ooil/ 411/ naacaa/ne3p0m0000)

e

§ FRRNEERES




gsli/ - naad0;re3s0a0000)
qw12/muil/ caa2aa/vi00000000800009)ni3s0n0000)
© rgig/1611/ - naéeaa/nz}&qﬂxgooo).

"skil/ a2ab00/ader0t)
ssll/ uaabﬂO/x;si |
ssi4/ uaacoo/ué)- ' .
sull/dp11/ vaadaz/vi{¢900000000000)
vill/ ha2200,/hm) '
wgl3/5y21/ aéacaa/ajr&ﬁt)
xgl1/ baaa0C/i2aan)jc)
yhil/ eaak:00/ette)
ivii/ paaa00/pc)
vi2/ *  paab00/rp)
1v52/ paac00/pi)

" gyi1/ uaad00/up)
4j12/bs14/ ea:éaa/ette)
5e11/- vaae00/vta0000000609000)
8011/ " 222d00/aarvet)
8y11/ u2ae00/up)

OUTPUT OF PASS 1 ) v

paac00/pi)aaaa00/aarvit)haaa00/hm)uaab00/us)naab00/nt3s0n09ul)pa2a89/pcluaab00/ushiaaeto/
up)uaaa00/up)uaac06/up’naab00/nt3s0n00u0)paaali/pe)eaacaa/etiz}vaabaa/vi00000000000060)eaa
bOO/ette)paabOO/pp)naaaOO/mn 1spm0000)aaad00/nc320n0000)naacaa/ne3p0m0000)vaae00/vta0000
000000050)eaaaOO/eptO)caaaaa/viOO000000000000)nd380n000O)haaaOD/hm)aaacaa/aerOt)baaaOO/i
aaan)j c)vaaaaa/vtaoo020000000OO)aaabOO/adcrOt)aaadGG/aar"v()t)caaaaa/viOOOOOOOOGaO000)nd380n
0000)ha2a00/hm)nzaeaa/nd350ny000)paaad0/pejvaacaa,/vtad000000000000)raaal0/rs)aaaall/zarv
0t)haaa00/hm)uaab00/us)naab00/; nt330n“00u0)haaa00/hm)vaadaa/viOOOOOOOOOOOﬂOG}paabOO/pp)

DICTIONARY I (IN LINGUISTIC WRITING FORMAT)

*

- Linguistic Pass 1A -

0 £7PG's KCI3 BC.+ KET
© o B PrePla KPI

e s o e

sty

2




3 'DP KPT+PP+KPI

Einguisixc Pass ?D

| - -4 .
OIAAAN/JG;+V~§6+ $s+ UP TONEXT + V~0 ~B/N~P_gc,+v~Ls$,

+ UP-TO NEXT + v~ 0" ~1/y ~ 10

* Lingaistic Pass IF

® ADCRXX:_-?- mg - AXCMZ

Linguistic Pass 1G

1. ETIE; + V ~ }*+ ETTE; - KVi + VXXXXXXXXGRXEXEX, + KVT
2. V~if+ EDPTO, - KWI + VEXKEXXXXXKXPOUO,+ XWT

Linguistic Pass 1§

AAXXXX, + HM, - AJXXXX; + HM, .

AARXXX + B~V - AJOEX + N~ 10

HM; + AXXXXX, - HM, + ND3SON0004,
" HMj + V ~ §° ~ HM, + ND3SONCGOOYV,

[KCT] $VTIC ~ J* + UP TO NEXT; + AJXKXXX, + HM; + UXg+ N~

[KCT $VTIC ~ T + UP TO NEXT; + UX; + ATSOO0L + N~ I

6. US;+ UP, + UP, + rm, + 1~rrsasm\rrom>5 NTISON30UO; + of + TA, + UA, +

0
T

UA; + UA,;

7. VTA~18. { KVT\ ”‘ + UP TO NEXT, + VI~ 15/ ~ 10 o yTA ~ 18

\ / KXI.J.;
Ees

+$i§_~;_' + UP TO NEXT; + N~ ¥
| oR% s Al

Linguistic Pass ZA

L AJXXX; + N~ §° - AJXXXX, + NAXIIXIXKX,

& RS+ USz+AJm3+N~‘°~R81+AJJGKX;+Nmm{m¢
3. U83+Amz+N~‘°»a4Amz+ NXESEX1XXX;

KVT\
KW'?";L

¢

svmw & ﬂ'

KVT
KWT

) + Nwmo{m, ¥ 1~:‘c:mxxoxx:i:3 - $VTBW ~ 18,




N - 5, SVTBW~

- .
m)1,+ of + NXXXXXXOXX,

Linguistic Pass 2B

| , “[‘Iévw"rr]fN"%o* BMg + N~ + JC; + V~ ¥ + $KXX; + UP TO NEXT + HM;

LRKVT
+ HMg N

- [KW I] + NEXXXXIXKX, + of + NXKXKXXOXK; + IC5 + V ~ ¥ + $KXZy + UP TO NEXT

Linguistic Pass 4

; . 1 KPI+VTA~¥4+N~{+ BM+ ND~{ + KRT .- NDXKXXXRXXX; + Of
- VTAXXXXXXXXLP000; + NXXXXXXOXX,

2. KXX + N~ P+ HM + N ~ § + XXX ~ KXX + NXXXXX2XXX, + of + NXXXKXXOXX,
+ KXX ' o

3. VTAXXXXXXXXXP000, + KWT,+ ND~ ¥ + JC, + VIA~ 1 + N~ ¥+ HM; + ND ~}
+ KCI, » VTAXXXXXXXXXP000, + KWT,+ND ~ ¥ + JC; + KRI + VTA ~ ¥4 N~

+ HMg + N~ §* + KRT + KC

4, VTA~“-,-KWT24-N 1°+JC4+N~1°+KCIG;-PC+KCT+V~ 6§~ VTA ~ 1§
+ KWT, + N~ 10 +JC+ N~R +KCIG+PC+KCT+ KVi+ v~1¢ +KVT )

Linguistic Pass §
N P
- 1. XPI+ NESPXXXXXX + $VXXXXXXXXX000XX + UP TO NEXT + KVI

P
+ VTAXXXXXXXX000XX + KVT - KPL+ NE3PIXXSXX + $VOXXIAXXXKX000XX

+ UP TO NEXT + KVI + VTAXXXXXKXXV3PXK + KVT

2. KPI+ NT3SXXXXXX + $V ~ © + UP TO NEXT + KVI + VIXXXXXXXXX000XX

B . P
% + KVT - KPI + NT3SXXXSXX + $V~!B+UPTONEXT+KVI+VD(}OGOQQQO(V3S)(X

2 + KVT

OUTPUT OF PASS 2. -

. paac00/pi)kpi(zazzzz/z)aaaa00/ajrv0t)naab00/nt350n10u0)kci(paaaOO/pc)kct(naabOO/nt3sOn30u0)z

ofzzz/z)uaabOO/ua)uaanO/ua)uaaaOO/ua)uaacOO/ua)xci(paaaOD/pc)kct(kvi(vaabaa/viﬁooonﬂooo033
eO)th(kpt(paabOO/pp)kpi(naacaa/nespOm2st)zofzzz/z)naaa00/nmlpmepOO)naadOO/ncsanOOOO)k
e B wj(vaae00/v530000000009000)kwt(aaacaa/nﬂs80n200a)zofzzz/z)caaaaa/nd380n0000)baaa00/jc)naae
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‘Appendix C -

VERB COMPONENTS IN ENGLISH OUTPUTS.

_ The form a. verb mll take in the- final English output is determmed by positions 12 through
16 of the verb tag word. Tables C-2 through C-5.are desxgned as a guide to programmmg to show
“which verb forms are to be combined for each possible configuration of verb tags 12 through 16.
The code letters shown'in ‘Table C-1 dre utilizéd.

A verb-may take three person forms (first, second, and third), tw> numbers (singular and
plural), six tenses (present, present perfeot, past, past perfect, future, and future perfect), two
forms (regular and progressive), and two voices (active and passive). Thus 3 x 2 x 6 x 2 x 2

yields a total of 144 possible forms for each verb (exclusive of negative, infinitive, and postmodal

Table C-2 shows the English tag code for each of the possible 144 forms (tags are lacking for
all progressive tenses but the present) and the form of the auxiliary and verb stem to be used in

each case. Examples are given using the verb “to see” and the verb “to be.”

- NEGATIVE VERBS

'f_Th'e‘re are also 144 negative verb forms, as shown in Table C-3.

-

Table C-4 shows all possible inﬁnitive forms, positive and negative, for all verbs and the verb

u to be” both by itself and in compounds like to be stupid.” ) - )
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“To Be" Form
Aﬁ ﬂ. m

Auxﬂiary
had-__bee_n

_ had been

had béen
had .'!%en -
had 'béen'
'haq been

will be
will be
will be
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will be
will be
will have been
will have been
will have been
will have been
will have been
will have been

am being
are belng
is being

are beipg

are being
are bejng

-

~ (have_ been being)
(have been being)

‘seen

Examples
. To See To Be
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- . Téble C-3 — English Tag Godes.for Al Negative Vetb Forms

.Y

English ‘;Ijags - Verb Form . ~ “To Be” Form . Examples
“12t0 16 Auxiliary Stem - Auxiliary Stem To See -~ ‘ _To Be
- Y1SPA - b Vi, . DS - do notr_see - am not + 0
YespA o DL VL DO = - domdtsee ' are not + 0.
g Y}iS_PA ' vi ~  Dii - _does ﬁot seé " : is not + ©
YipPA D2 V1 Di0- - donotsee " are not + 0
YZPPA . optT w1 D10 - do not see _ arenot+ 9
' YsPPA Dl . VI ° DI6 -  domotsee ‘are not + &

- Y1ISEA D3 - V6 - D3 BS have not seen have not been
Y2§EA D3 V6 D3 B9 have not seen have not been
Y3SEA | D4 V6 . D4 B9 kas not seen -has not been

- YIPEA D3 | -Vé D3 . B9 have not seen kave not been
Y2PEA L3 V(] D3 BS have not seen have not been
Y3PEA D3 Ve D3 B9 have not seen have not been
Y1SAA DS Vi p14 - did not see was not + 0
Y25AA - D5 Vi - D15 - did not see were not + 0
Y3SAA - D5 Vi _ D14 - did not see was not + 0
Y1PAA D5 Vi D15 - did not see were not + 0
Y2PAA D5 Vi D15 - did not see were not + 0

. ¥3PAA D5 V1 D15 -  didnot see were not + 0
YiSsA Dé ve . ' D6 B9 had not seen had not been
Y25SA D6 \(: D6 B2 had rot seen had not been
¥358A D6 V8 D6 B3 had not seen had not been
" YIPSA - D8 Ve D8 B9  had not seen had not been
Y2PSA D6 V6 D6 B9  hadnot seen ' had not been
Y3PSA . DB V6 D6 B9  hadnot seen had not been
Y1SFA o Vi D7 BT willnotsee will not be
" ymsFA o W D1 BT~ will not see will not be
. YISFA " p1 . v1 -D1 BT willmotsee - . -willuothe
Y1PFA. .- . Dv . VL. . DI _ BT willnotsee will not be
.- Y2PFA Vi o1 B will not sée will not be

. . ,
e T ysPFA. - BT V1Y DT BT willnotsee will not be

INY e et gy
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Y3SRA
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Y3PRA
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Y28 A
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YSP A

- YIS A
‘ Y23 A
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¥3§ A
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Y3P_A
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Table C-3.-— English Tag Codes for All Negative Verb Forms (Cont.)

Verb-Form
Auxiliary Stem
D8 - V6
v
D8 VS
D8 V8
DS V6
D8 V6
P V3
pio’ V3
pi1 3
D0 V3
He V3
ple V3
p12 V3
pi2 V3
D13 V3
D12’ . V3
p12 V3
plz . V3
D14 V3
DI5 V3
D14 V3
D15 V3
D15 V3
pi5 V3
D16 V3
D16 V3
DI6 V3
pi6 V3
DI6 V3
DI6 - V3

“To Be” Form

Auxiliary Stem
D8 B9
D8 B9
D8 BY
D8 B9
D8 B9
D8 B9
D3 B8
D10 B8
D11 B8
pI0  BS
D10 B8
DI0 B8
D12 BS
p12  Be
D13  BS
D12 B8
D12  BS
pi2  Be
D14 B8
pi5  BS
D14 B8
D15  BS
Di5 B8
p15 B8
D16 B8
D16 B8
D16 B8
D16 B8
D16 B8
D16 D8

had not been seeing

;
Examples | | ]
To See Te Be . L2
. .
will not have seen will not have been o ’ :
will not have seen will not have been
will not have seen wﬁl net have been ‘ ’
will not have seen . will not have been :
wui nat hive seen will not have been
will not have seen will not have been w
am not seeing am not being - :
are not seeing are not being e i
is not seeing is not being -
are not seeing are not being
are not seeing are not being
- are not seeing are not being
have not been seeing have not been being 3 -
have not been seeing have not been befag ' : .
has not been seeing has not been being )

- . have not been seeing have rot been being . N
have not been seeing have not been being
have not heen seeing have not been being o
was net seeing was not being ;
were not seeing " were not being .
was not seelng was not being .
were not seceing were not boing '
were not seeing were not being i
were nci seeing were not being
had not been seeing had not been being
had not been seeing kad not been beiag ‘#“
had not been seeing had not been Leing’ f X
had not been seeing had not been Yeing " L
had not beex seeing had not beeo being

had not been deing
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T<12 C-3 = English Tag Codes for All Negative Verb.Forms (Cont.)

- | E " l T Veib Formy “To?é”?om . Examples -
T 12t9:16 7 Auxmary Stem  Auritary Stem - To See _ ~ ToBe

!

ns_;& DIT V8 ~ - DIT° B8  will.notbe secing - will not be-being
25 A DI V8 - DI7 . B8 will not be seeing will not be being
Y$SA  DIT V3 ' DIT B8  will nobbeseeing will ot be being
Y1® 4 D17 V3 D17 BS  will not be seeing will. not be being
2P A DI7T V3 DI7 B3  will notbe seeing will 5ot be being
Y3P A D17 V3 D17 B8 will not be seeing - will not be being
Y18 A D18 V3 D18 B8 will not have been seeing  will not have been being
D18 V3 D18 B8 will not have been seeing  will not have been veing
D18 V3 DI18 B8 will not have been seeing  will not have begn being
D18 v3 © D18 B8 will ntt have been seeing  will not have been baing
D18 V3 D18 - B8 will not have been seeing  will not have been being
‘D18 V3 ‘D13 B8 will not have been secing will not have been being
¢ . Ve f , am not seen
D10 V6 are not seen
DIt V6 1 not seen
Di0 Ve : are not seen )
D10 Ve 'are not se=n »
D10 V6 : ~ are not seen i
pi2  v6 7 J!have. not been seen
D12 V6 . _ihave not been-seen ' . =
1) KR ' as not been seen ' .
D12 V6 "have not been seen -
pi2  ve have not been seen ' B A
D12 Ve ;; have not been seen
D14 Ve - . 'was not seen
D15 Vs ‘_were not seen
‘D4, - V8 ‘was not seen
DI5-- V6 were ot sean
. pI5. V€ ‘ %ere not seen

D15 V8 were not seen




12016 -
Y285P
TS9P
Y2PSP

¥3PSP

Y1SFP
Y2SFP

Y1PFP
Y2FFP
YSPFP

_ VérbFarm
Auxiiary Stem ° Awxdliary Stem -

-D16
Dis
D18
D18
D16
D16

D17
‘D17
D17
D17
D17
D17

D18

D18 .

D18

veé

. V8.

veé

V6
VL3

Ve

ve
ve
V8
/]
Vs
vé
V6
ve
v$

hen by — F - - - L T " o
s

“To ‘Be” Form

Table.C-3 == English'Tag Codes for All Negative Verb Forms (Cont.)

) Eﬁﬁples
had not been seen
hzd not beexn seen
had not been seen
had not been, =zcn
had not be¢n se2n
had not been seen

will not be seen
will not be seen
will not be seen
will not be seen
wiii not be seen
will not be seen

-will not have been seen
will not have been seen
will not have been seen

YIPUP D18 Ve will ot have beea seen f
Y2PUP D18 veé will not have been secen

YSPUP D18 Ve will not have been seen :
YISRP D19 Ve am not being seen

T28RP D20 Ve are not being seén

Y8RP D21 Ve 18 1t being seen

YiPRP D20 ve are not belug seen

Y2PRP D20 V6 are not being seen

YSPRP D20 vé are not being séen

v13 P D - Ve (have not been being) seen )

Y28 P D Ve (have not been being) seen |
¥38.P D. V8 (hax 1ot been being) seen

YIP P D VS {have not been being) seen
'Yzp_P D Ve (aave not becn being) seen T
YsP_P D. V6 {buve not been being) oeen

, . .
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- 1zd016.~
Fse
Y28 P
v3g 2
YIP P
Y2p_P
YSP P

YIS P
¥28 P
Y38 P
Yi®_P
Y2P P
Y3P P
Y15 P
¥28 P
¥35_P
Yie p-
- VB P
" YSP P

A

Yis P
728 P
Y38 ?
1B P
3PP
Y3p_p

o Table.CrS—

' ‘Yerb-Form
Auxiiiary- Stem -
Ve
v6 .
v
V6
V6.
Ve

~

V6
vé
Ve
V6 -
vé
vé

‘

uv.ouv ..o ]
PEEEEE PEEEEE EEEEEE PR EE

veé
Ve
Ve
V6
veé
Ve

ve
vé
vé
vs
Ve
Ve

Eoglish T Codes for Alf Negative Yerb Forims (Conk.)
“Fo Be” Form _ - | Exauples.
. Auxitiary Stem . To-See
o (was 5ot being).seen
(were not being) seen
(was not being) seen’
(were not being) seen
(were not being) seen

(were not being) seen

(had not been being) seen
. (had not been being) seen
(had not been being) seen -
(had not been being) seen
(kad not been being) seen
(had not been being) seen

(will not be being) seen
(will not be being) seen
(will not be being) seen
(will not be being) seen
(will not be being) seen
(will not be being) seen

(will not have been being) seen

- (will not have been being) seen

(will nut have been being) seen

(will not have been being) seen

, (will not Haye been being) ecen
(will not have been being) seen

To Be

X - -Tem- - ;- - ™A w - - B -
= R N o = - ~ g e as -
—— - - — -~ “ - - — - - -
5 = El il g - — - » - - . - =
2 ~Tro- A T
- O - LT - 4.
YT - - ot - 3
en s L - - o N
- “ . £
N a e -

ja Aart et

4
AT
[

i
Pl
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- 124016~ Infiditive

- = P WS =t e LT e el
- <, «

. ] - R . <~ o

. : L - -,

16

18

110

“Stem,

v4

V3

V8

vs
V6.

V6

V6,

V1
Vs
V3
V3
V(3

V6

vé
VL

i

“To Be” Form

%

i

" Infinitive “Stem
N " B8

e

7
13

I

.2 7 Toable:Ged — Tulitive Foritis or. All Verbs

‘- Auxiliary

totiave
tobe

{to have been)

to be

to have been
(to be being) -
(to.have baen being)
tb not

to not have

to riot. be

(to not have been)
to not be

to not have been
(to not be being)

(to not have been being)

" . Examples -
To See: To Be

to see
seen
seein:g";
geeing
seen
seen
seen

seen

to he
been

being
being

3

been
veing
being

e
-

\teits
W

'
‘,‘,".‘n
AL

'

AN K

¥
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=T <=7 . Table-C-5 — Posaible Verb Combinations:

Tigs,  Verb Farm - “ToBe” . . aamples
12t16 . . G :ffem  Form  Modal Te Finish To Be (Able)

]
W'iei

i

b

o - K
Vo BN .
e < A
N h o
) R v
v M v -try '
3 . . IS ' ol
b X . O ALY
- K ‘ " S r,
, f '\ YA
e g Y A TN
) [0 o N , AN
\ oy e ' Y n
N . ' \ A
- e AR
R T EUR T
et A
¢ T L
K] Al .
A F TN ca

i

N W !

M [

'-A:‘:'—"-j : -—;fg R vl - ' G_l mm msh . m (abie)

Co loGOOR . . Gt Ve must _be finished be - (able)

Ay g ng

Gl
0GOEA .. G3 V6 G4  must havefinished -  havebeen  (aile)
COGEP G4 V8 G4  must havebeenfinished  havebeen  (ablé)
OGORA. Gl V8 must  be finighing be being (able)
0GoRP G2 V6 " must  be being finished bebeing (able)
. OGOFA - Vi must finish . be (able)

(3 must  be finished be (able)
V6 should. have finished have been  (abile)
ve should have beenfinished  havebeen  (able)
V1. must  not finish not be (able)
V6  must  not be finished not be (able)
vé must  not have finished. not have been (able)
vé must  not have been finished not have been (able)
V3 must  not be finishing not be being  (able)
[ "must ot be being finished  not be being  (able)
Vi must not finish not be (able)
vé must  not be finished notbe (able)
Ve should not have finished not have been (able)
veé should not have been finished not have been (able)

" YGOEA
YGOEP
YGORA

- YGORP
- YGOFA
" YGOFP
. YGOAA
. YGOAP

22222088282 8R 080
222822828882 ¢8¢2¢8R¢8QQ
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